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Art. XXXVIIL—An Auriferous Conglomerate of Jurassic 
Age from the Sierra Nevada; by W. LiInDGREN. 


Some of the largest quartz veins of the gold belt of the 
Sierra Nevada intersect the Mariposa beds, the most recent 
sedimentary member of the bedrock series of that range. The 
age of these beds has long been in some doubt but the latest 
investigations* appear to render it almost certain that they should 
be considered as belonging to the uppermost Jurassic. Hence 
the quartz veins of the gold belt have generally been con- 
ceded to have been formed shortly after the post-Mariposa 
mountain building disturbance ; the time limits would be the 
end of the Jurassic on the one hand and the beginning of the 
Chico-Cretaeeous on the other. The disintegration of these 
auriferous veins has furnished the material for the Cretaceous, 
Tertiary and Pleistocene gravel beds. 

There is evidence that the Sierra Nevada has remained 
elevated above the sea since the beginning of the Chico Cre- 
taceous, for beds of that age are found in nearly horizontal 
position along the western foot of the range. The accumula- 
tion of the auriferous gravels must thus have begun already 
during the earlier part of the Chico period; at Folsom, for 
instance, a small area of these Cretaceous sandstones is found 
in the deepest part of a depression occupied by Neocene gravel 
deposits ; below them, on the granitic bedrock, a thin layer of 
auriferous gravel occurs. The configuration of the bedrock 


* Alpheus Hyatt, Trias and Jura in the Western States, Bull. Geol. Soc. Am, 
vol. v, p. 395. James Perrin Smith, Age of the Auriferous Slates of the Sierra 
Nevada. Bull. Geol. Soc. Am., vol. v, p. 243. 
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at this point proves that already during the Cretaceous the 
river courses were outlined which, during the Tertiary, were 
further eroded and then filled with gravel. From the northern 
part of the State Mr. R. L. Dunn has recently, in a paper 
written for the State Mineralogical Bureau but not yet pub- 
lished, described an interesting occurrence of auriferous river 
gravel from underneath the Chico sandstones. 

A most marked unconformity exists at Folsom between the 
horizontal Chico sandstones and the vertical and highly com- 
pressed Mariposa beds ; the latter are besides cut off and meta- 
morphosed by the adjoining intrusive mass of granodiorite. 

In view of the facts presented above it is of some interest 
to find an auriferous conglomerate in the Mariposa beds indi- 
cating that at least some of the quartz veins antedate the post- 
Mariposa upheaval. 

Before describing the occurrence it may not be amiss to 
devote a few lines to the sedimentary formations of the vicin- 
ity. The larger part of the sedimentary area of the gold belt 
is, as shown by the work of the U. S. Geological Survey, of 
pre-Jurassic age. Most prominent are the Paleozoic, probably 
mostly Carboniferous rocks and smaller belt only belong to 
the Trias, the Jura-Trias and to the Jura. Some of the results 
attained in the gold belt south of the fortieth parallel have 
been set forth by Mr. H. W. Turner in a paper published 
in the American Geologist, April, 1894. 

The locality to be described here is found in Placer County, 
on the ridge between the North and Middle Forks of the 
American river at an elevation of about 2100 above the sea 
and is mapped on the Placerville atlas sheet, N.W. corner. 

Beginning from the edge of the Great Valley there is first 
a broad area of granodiorite, followed by a belt of diabase 
and greenstone schists, which again are adjoined on the east 
by a series of Paleozoic sedimentary rocks, probably all Car- 
boniferous (Calaveras formation). They consist of black, not 
very fissile clayslates and fine, dark colored sandstones, but 
besides these and characteristic of the formation in this vicinity, 
there are heavy beds and lenticular masses of erystalline lime- 
stone very frequently changed to a black or gray chert or 
phthanite. The strike is nearly N.-S., the dip 70°-90° E. 

Adjoining this series on the east are the Mariposa beds. 
Through the southern part of Eldorado Co. they can be traced 
without difficulty as a belt from $ to 2 miles wide. At Placer- 
ville they begin to widen and intrusive bodies of diabase and 
porphyritic in part made schistose by dynamo-metamorphic 
action appear in them, splitting the series into two and three 
belts. The eastern line of demarcation towards the Paleozoic 
beds adjoining again on the east, as laid down on Placerville 
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sheet, is somewhat doubtful between Placerville and the 
northern edge of the sheet; both at Spanish Flat and at 
Georgetown, Mesozoic fossils have been found and the line has 
therefore been drawn so as to include both these localities. 
Up to the Middle Fork of the American river the prevailing 
rock of the Mariposa beds is a black fissile slate sometimes, as 
at Greenwood, alternating with thin beds of dark tufaceous 
sandstone. At the latter place the contact with the underly- 
ing Calaveras formation is well exposed with apparent con- 
formity both dipping 70°-80° east. From here up to Colfax, 
a distance of about 12 miles the character of the Mariposa 
beds change. Conglomerates appear in places near the western 
contact, the black slates become less fissile and more jointed 
and contain abundant beds of dark tufaceous sandstones and 
breccias; the latter are composed of slate, phthanite and 
iimestone from the Calaveras formation together with frag- 
ments of basic igneous rocks. Besides dikes and masses of 
the latter cut across the strata. The breccias appear mostly 
conformably in the series and should probably be explained as 
intercalated mud flows. Short distance north of Colfax a 
massive of diabase, gabbro and diorite cuts off the Mariposa 
beds, which here predominatingly consist of pyroclastic rocks. 
A breccia of diabase mixed with fragments of limestone, ete., 
extends from the massive and cuts across the beds at Colfax. 
It is most probable that the basic intrusive area to the north of 
Colfax represents the core of a volcano the eruptions of which 
were contemporaneous with the deposition of the Mariposa 
beds and the ejecta of which intermingled with the sediments. 

The older rocks adjoining the Mariposa beds on the east 
extend northward but to the west of these where the continua- 
tion of the Mariposa beds should be sought no certain trace of 
them can be found. Diorites, diabases and other principally 
basic rocks occupy, on Smartsville sheet, nearly the whole area 
to the west down to the valley. Both the Mariposa and most 
of the western area of the Calaveras formation appear to be 
engulfed in the igneous rocks if indeed the former ever con- 
tinued to the north of Colfax. The evidence appears to favor 
the theory that the Mariposa beds were deposited in a gulf or 
bay, enclosed on both sides by older rocks and ending in the 
vicinity of Colfax. In the igneous areas to the N.N.W. of 
Colfax and extending up towards Grass Valley and Nevada 
City some narrow bands and smaller areas of sedimentary rocks 
occur. The limestone and phthanite in most of them indicate 
that they belong to the Calaveras formation; there is however 
one narrow band of black tufaceons slates and sandstones, 
between Grass Valley and Nevada City which may possibly 
belong to the Mariposa beds. 
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Although the Mariposa slates usually show an apparent con- 
formity with the older rocks, there is, between Colfax and the 
Middle Fork of the American river, some structural evidence 
strongly tending to show an unconformity. Between these 
two localities the Mariposa beds have about the same strike as 
the enclosing slates of the Calaveras formation, but while the 
latter nearly uniformly have a steep dip of from 75° to 90° to 
the east, the former show throughout a considerably smaller 
dip of from 50° to 60° in the same direction. Mr. H. W. 
Turner recognizes from evidence gathered in the southern 
counties, the probable unconformity of the two formations 
and brings the following points to support it:* First, the 
lithologie difference between the formations; second, the 
occurrence of a conglomerate with phthanite pebbles in the 
Mariposa beds near Texas ranch, Calaveras Co.; third, the 
occurrence of a narrow streak of the Mariposa beds cutting 
obliquely across the Calaveras formation; fourth, the large 
paleontologic break between the formations. 

Coming up the ridge between the two forks of the Ameri- 
ean river, which here are not more than three miles apart, the 
Calaveras formation ends a quarter of a mile to the east of 
Sheridan’s Ranch. Between this formation and the Mariposa 
beds is here intercalated an elongated body of diabase_por- 
phyrite and volcanic breccias extending nearly across the 
divide. The diabase porphyrite forms the westerly summit of 
Mile Hill; in the breccia accompanying it some well washed 
vebbles of phthanite are found. A thousand feet west of 
Mile Hill toll house the Jurassic sedimentary rocks begin and 
continue for three-quarters of a mile eastward when_ basic 
igneous rocks again are met with. The exposures are at first 
poor along the road which runs in a flat, broad gulch with 
much loose soil containing well washed pebbles derived from 
the conglomerate. On the hill south of the United States 
ranch (KE. 2200’) the conglomerate shows in abundant outcrops 
both on the top and in the ravines. North of the road, on top 
of Mile Hill there are more outcrops though deep laterite 
mostly covers the ridge. At the United States ranch there is 
a good outcrop, part of it consisting of a hard, dark tufaceous 
sandstone and part of a dark, soft shale containing small but 
well washed pebbles of phthanite. From the hill mentioned 
south of the ranch there is a steep descent to the Middle Fork, 
the sedimentary area narrows greatly between two igneous 
masses and only black slates and sandstones are exposed in the 
bottom of the canyon. On the north side of Mile Hill there 
is also a steep descent of 1500 feet to the North Fork; the 
conglomerate from the top of Mile Hill can be traced down 


* Loc. cit., p. 245. 
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some distance over the slope although the identification is 
made difficult by sliding rock masses and dense brush. In the 
bottom of the canyon “of the North Fork, however, the sedi- 
mentary series is excellently exposed and here the conglomerate 
may again be found, in particularly fresh condition. Along 
the river the series mostly consists of dark sandstones and 
slates; the conglomerate is less developed than on the ridge 
and the pebbles are somewhat smaller, but otherwise it is 
identical with that from the former localities. Further east up 
the river the before-mentioned breccias begin to appear in the 
series. The conglomerate from the river is a very hard, dark- 
colored rock composed of small but very smooth and round 
pebbles (max. diam. 1°) of gray, white or black phthanite, 
gray limestone, black slate and white quaréz, the latter being 
least abundant. The cement is black in color and very fine in 
texture, apparently a consolidated mud. The conglomerate 
from the summit of the ridge, somewhat softer from weather- 
ing, contains pebbles sometimes reaching 4° in diam.; the 
quartz pebbles occur in variable quantities, occasionally very 
abundant. Phthanite and limestone always make the bulk of 
the pebbles. 

This conglomerate has not escaped the sharp eyes of the 
prospectors of early clays and at three places at least shafts 
have been sunk in it. Considering the rock identical with the 
Tertiary, sometimes cemented, eravels found so abundantly 
higher up on the ridge their object i in sinking these shafts was 
to attain the “ bedrock” in the hope of there finding a paying 
deposit. Their efforts were in vain and abandoned long ago. 
One shaft south of the United States ranch was sunk 60’ deep 
about 40 years ago, also one of the shafts to the north of the 
road. The attempt was renewed about 20 years ago and the 
total depth attained in the north shaft about 80 feet. None 
who had been connected with the work could be found and 
conflicting reports were obtained as to whether any gold had 
been found in the conglomerate. It is said that the gulches 
in the vicinity had in early days yielded considerable gold in 
well worn grains and particles; the character of the gold 
would indicate that it had come from the conglomerate. 

Numerous tests were made on specimens from three locali- 
ties: first, rock extracted from the shaft south of the road; 
second, specimens from an outcrop about 300 feet west of that 
shaft, and third, rock extracted from the deep shaft north of 
the road on the ground belonging to the United States ranch. 
In none of these specimens could any seams or veinlets of 
quartz be seen, nor any indications noted that they had been 
subjected to the influence of auriferous solutions. A few 
pounds of each sample were repeatedly crushed in a clean 
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mortar and washed in a miner’s pan; in all instances gold was 
obtained ; the particles—colors—were very fine and flaky but 
concentrated easily ; sometimes only one or two, sometimes a 
great number of colors were obtained. Beside the gold there 
was invariably some iron pyrites nearly always found in con- 
glomerates and as well known resulting from the reducing action 
of organic substance on circulating iron salts. The absence of 
magnetic and titanic iron ores—black sand—was very noticeable. 
In order to obtain a better idea of the amount contained Mr. 
G. F. Deetken kindly made duplicate assays for me of speci- 
mens from the two shafts with the result that the conglomerate 
from the south shaft was found to contain in average 36 ¢ pr. 
ton in gold while a distinet trace was obtained from that from 
the north shaft. 

From the general character of the occurrence I believe 
it represents shore gravels accumulated near the mouth 
of some river draining the Carboniferous area and empty- 
ing into the muddy gulf in which the Mariposa slates were 
deposited. It is not likely that the deposit will ever be 
of economic importance though there is a possibility that by 
thorough prospectine and cross cutting the strata a richer bed 
might be exposed. 

Conclusions : 

(1) The Mariposa beds were deposited unconformably upon 
the rocks of the Calaveras formation, then a land area of con- 
siderable extent. From the abundant presence of phthanite 
pebbles in the conglomerate it is certain that this older series 
was already at that time considerably altered though the large 
quantity of limestone also contained makes it probable that the 
metamorphic action has progressed rauch further in it since 
that time. From the absence of igneous rocks in the con- 
glomerate, accentuated by the absence of “ black sand” in it, it 
may be concluded that the numerous basic igneous rocks now con- 
tained in the Calaveras formation in this vicinity have princi- 
pally been intruded after the deposition of the Mariposa beds. 

(2) The old land area at that time already contained 
auriferous quartz veins, the detritus of which enter into the 
composition of the Mariposa conglomerate. 

(3) There are in the Sierra Nevada primary auriferous 
deposits of very different age. The oldest antedate the Mari- 
posa beds; the greatest number were formed at the close of 
the eruptive activity following soon after the deposition and 
upheaval of the Mariposa beds ; the most recent, found along 
the summit and along the eastern slope of the range were 
formed towards the close of the eruptive activity in late Ter- 
tiary time. 
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Art. XXXVIIL—Antholite from Elzivir, Ontario; by 
A. P. CoLeman, Pu.D. 


AN asbestiform mineral occurring in large masses on lots 7 
and 8, concession 11, in the township of Elzivir, Ontario, was 
sent to me for determination some time ago by Mr. Blue, 
Director of the Ontario Bureau of Mines. The specimen 
consists chiefly of irregular bundles of a strong, fibrous min- 
eral resembling chrysotile mixed with a dull green one like 
serpentine, the two passing into one another. The serpentin- 
ous mineral has evidently been formed from enstatite, since it 
encloses at one or two places remnants of that mineral on 
which it has encroached. Small amounts of pale green fibrous 
tale are mixed with the tough fibrous mineral, ‘and the tale 
sometimes occurs in small masses by itself. In addition one 
finds portions of carbonates, partly effervescing with cold 
dilute acid, and hence calcite; partly dolomite or perhaps a 
related carbonate. 

In thin sections under the microscope, the enstatite, which 
is pale greenish brown with glassy luster, shows the usual 
characters, prismatic and brachy- -pinacoidal cleavage, parallel 
extinction, and a biaxial interference figure, optically positive, 
on sections at right angles to the ¢ axis. It is not pleochroie. 
At the edges the serpentinous mineral appears to have eaten 
its way inward along the cleavage planes and along a less regu- 
lar set of fractures at right angles to the upright axis. 

This secondary mineral is colorless under the microscope 
and shows the faintly polarizing confused mass of scales or 

vague fibers seen in true serpentine. The fibrous portions 
have all the appearance of chrysotile, parallel extinetion or 
nearly so, ete. The tale and carbonates have the usual 
characters. 

Analyses were made of the two fibrous minerals, 1 and 2 
being of the strong fibers and 3 of the talc, and the results are 
as follows : 


No. 2. No. 3. 
Loss in drying at 110° _..-. 1°16 1°44 0°38 
Further loss on ignition.... 4°25 9°83 7°42 


29°33 29°52 30°05 


9 99°27 


9°65 


99°18 
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In regard to the tale (No. 3) it should be mentioned that 
most of the material effervesces slightly with acid, showing 
the presence of a little calcite. If the CaO obtained in the 
analysis (2°67 per cent) be reckoned as carbonate, and a corre- 
sponding deduction made from the amount of loss at a red 
heat for CO*(2:09 per cent), the result shows combined water, 
4:53 per cent, silica 59°58, and magnesia 31°48. This corre- 
sponds fairly with the usual composition. The amount of 
pure substance available for analysis was 709 milligrams. 

The results of the first analysis of the mineral resembling 
chrysotile were surprising, and the second analysis was made 
to control the first. It was very difficult to obtain the fibrous 
parts quite free from tale, and the first analysis was made from 
404-9 milligrams only, the material having been carefully 
selected with a lens. For the second analysis a stili smaller 
quantity, 285°3 milligrams, was obtained by careful searching 
with a lens. <A third, still smaller quantity was used to deter- 
mine the loss at read heat, in which the two previous samples 
differed considerably. 

For comparison the loss on ignition was determined in 
several other minerals, as in the “following list. In all cases 
the amount taken was heated in a platinam crucible over a 
blast lamp. 


Fibrous mineral, No. 1, loss at red heat plus Per cent. 
hydroscopic moisture 5°41) yy 
sean 
No, 2. 7 6°59 
6°45 
Serpentinous mineral associated with the fibrous 
Chrysotile, Thetford, Quebec ..-.--- 15°27 
Actinolite, Clarendon 2-93 
Actinolite, North shore L. Superior, 2°35 


The fibrous mineral analyzed in Nos. 1 and 2 effervesces 
searcely at all with acid, so that no appreciable quantity of the 
loss on ignition can be attributed to the driving off of car- 
bonie acid; but the fibers, which are greenish white in the 
specimen, turn brown and _ brittie, very much as chrysotile 
does, showing that combined water is driven off. 

The results of the analyses correspond quite closely with the 
composition of enstatite, supposing its constituents to be rear- 
ranged and hydrated. They come less close to the orthorhom- 
bie amphiboles, such as anthophyllite, showing too little silica 
and iron, and too much magnesia and water; and they differ 
widely from chrysotile, having far too much silica and far too 
little combined water and magnesia. In physical characters 
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however the resemblance between this fibrous mineral and 
chrysotile is very close. They are undistinguishable under the 
microscope, having the same silky fibers and parallel or almost 
parallel extinction. The greatest angle of extinction measured 
by the writer in specimens of chrysotile from Thetford, 
Quebec, was 14°, in the fibrous mineral under examination, 1°. 

It seems to correspond most nearly in chemical composition 
to some of the fibrous forms of monoclinic amphibole, e. g. 
antholite or kuppferite. The analyses given of the latter 
mineral differ but little from those made by the writer; but 
the last edition of Dana’s System of Mineralogy drops the 
name entirely and gives antholite only a very brief reference.* 
Probably if it is to be referred to any species beyond the broad 
one of “fibrous amphibole containing little or no alumina,” 
the name antholite is the most appropriate. The amount of 
combined water, which varies however in different samples, 
seems the only objection to such a reference. 

School of Practical Science, Toronto. 


Art. XXXIX.—On the Double Chlorides and Bromides of 


Cesium, Rubidium, Potassium and Ammonium with 


Ferric Lron, with a description of two Ferro-ferric double 
Bromides ; by P. T. WALDEN. 


PREVIOUS investigation on the double ferric halides seems 
to have been devoted exclusively to the chlorides, and the 
metal czesium has not as yet been worked within this connec- 
tion. 

In view of these facts it appeared desirable to prepare, as 
far as possible, a complete series of the double halogen salts 
of ihe above named metals. Only negative results were 
obtained, however, when attempts were made to prepare double 
iodides, so that the work was necessarily confined to the chlo- 
rides and bromides. 

The following compounds have been previously described : 


Rb,FeCl.,. K,FeCl,H,0. 
(NH,),FeC1,H,0. 
Na,FeC!,H,0. 


The existence of the above potassium and ammonium salts 
has been confirmed in the present investigation but the com- 
* Dana, System of Mineralogy, 6th ed., p. 391. In the 5th ed. Kuppferite is 


described ou p. 230, and antholite on p. 236. Analyses 31-33, p. 237, are of 
antholite. 
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pound Rb,FeCl, described by Godeffroy* could not be made 
although a hydrous salt of the same type was prepared with 
cesium. A most careful series of experiments using large 
quantities of the constituent chlorides, was made in the 
attempt to prepare the rubidium salt just mentioned. It is 
not believed to be possible that Godeffroy obtained this com- 
pound and his error was probably due to his neglecting the 
water of crystallization in the salt Rb,FeCl,H,O. There is 
not a great difference between the theoretical composition 
required by a 3: 1 anhydrous compound and the 2: 1 salt with 
one molecule of water, especially as far as the chlorine and 
iron are concerned. This can be seen from the following com- 
parison. 


Calculated for Calculated for 

RbsFeCl,. 
.......... 48°83 40°44 
Chlorine ......-.-.... 40°52 42°01 
4°26 
100°00 100°00 


Since the hydrous 2:1 salt is easily prepared, ic therefore 
seems certain that this must have been the single salt described 
by Godeffroy. 

The following is a list of the salts obtained. 

3:1 Type. 2:1 Type. 1: 1 Type. 
Cs,FeCl,. H,O Cs, FeCl,. H,O CsFeCl,. 4H,O 
Cs, ‘FeBr,. ,0 CsFebr, 
Rb, FeCl, . 
K, FeCl, ‘OF 


(NH,),FeCl,.H,O¢ 
NH,FeBr, . 2H,0 


It will be noticed that the type 2:1 is the most frequently 
recurring, being found in every case except with potassium 
and ammonium ’ bromides. The salts of this type, as might be 
expected, are also the most stable and easily made, especially 
with cesium chloride where it is formed through a very wide 
range of conditions leaving only a narrow margin for the other 
two members of the series. It is remarkable in view of these 
facts that this type should not have been obtained with 
ammonium bromide while the 1:1 type, which is compara- 
tively unstable in other cases, is made without difficulty. 


* Arch. Pharm. [3]. ix, 343. 
+ These two salts have been previously described by Fritzsche, J. pr. Chem., 


xviii, 483. 
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This investigation furnishes another striking example of the 
fact, already noticed several times in this laboratory, that caesium 
halides form more complete series of double salts than the 
halides of the other alkali-metals. With cesium chloride we 

‘get a complete series, while with the chlorides of the other 
alkali-metals only one type appears. In the bromides no double 
ferric potassium salt could be isolated, whereas two well- 
defined and comparatively stable compounds were obtained 
with ceesium. 

Wells and Campbell* have called attention to the fact, that, 
in a number of cases, double halides show an increase in ease 
of formation from the iodides to the chlorides. No better 
illustration could be had of this truth than the series of salts 
prepared in the present investigation, where the chlorides were 
made in greater number and with more ease than the bromides 
while no iodides at all could be obtained. 

Preparation.—All these salts were made by mixing solu- 
tions of the simple halides, evaporating and cooling to crystal- 
lization. It was found necessary in all cases to use solutions 
slightly acidified with the corresponding halogen acid, in order 
to prevent the formation of basic salts. A record, as nearly 
exact as possible, was kept of the relative quantities of the 
constituents used and this has been indicated under each salt. 
The crystals were freed from the mother liquor by pressing 
between smooth filter papers, and in every case where it was 
admissible they were further dried by exposure to the air of 
the laboratory. Where the salt was at all deliquescent it was 
at once removed to a tightly stoppered tube whose weight had 
been previously determined and weighed without loss of time. 
In this manner a quite unstable body could be analyzed and 
satisfactory results obtained. The purity of all the simple 
alkali-halides was tested with the spectroscope before using. 
The very pure rubidium chloride used for this work was furn- 
ished to this laboratory for the encouragement of scientific 
investigation by Herr E. Merck of Darmstadt, through his 
agents, Messrs. Merck & Co. of New York, and our thanks are 
due to him for his unsolicited generosity. 

Method of analysis—Iron was weighed as Fe,O, in all 
cases, after having been separated from the alkali-metal by 
precipitation with ammonia. The filtrate from this precipita- 
tion was evaporated to dryness, the alkali-metal converted into 
sulphate and weighed as such after ignition in a stream of air 
containing ammonia. Ammonium was estimated by distilling 
with a solution of potassium hydroxide, absorbing the NUH, 
liberated in hydrochloric acid and determining its amount by 


* This Journal, IIT, xlvi, 432. 
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alkalimetry. Water was determined by combustion behind 
sodium carbonate and absorption in a washed calcium chloride 
tube. With (NH,),FeC],H,O the water was removed by sub- 
jecting the salt to a temperature of 150° C. in an air bath for 
one hour. 

The Double Chlorides. — These salts are all red except 
CsFeCl,3H,0 which is straw yellow. There isa distinct grada- 
tion in the shades of the salts of the type 2:1 from (NH,),Fe 
Cl,H,O which is a deep ruby red, growing lighter through 
the cesium, rubidium and potassium compounds. untii the last 
is very nearly the color of potassium dichromate. 

3:1 Cesium Ferrie Chloride, Cs, FeCl,H,0.—This salt is 
the only one of the 3:1 type which was ‘prepared in the 
present investigation. It separated from a solution containing 
508" of cesium chloride and from *5* up to 2°58 of ferric 
chloride. The following analyses were made from separate 


crops : 
Calculated for 


A. B. C. Cs;FeCl,H20. 
58°30 5 8-42 58°17 
7°91 7°85 8°17 
Chlorine ........- 30°87 30°82 30°98 
“72 2°65 


100°00 


In color it closely resembles sodium dichromate. It is well 
erystallized in small prisms which are arranged in compact 
clusters radiating from a center. 

2:1 Cesium, Rubidium, otassium and Ammonium Fer- 
vio Chlorides, Os, Lb, FeCl,H,O, K,FeCl,H,O and 
(VIL), solutions of the several alkali-cilo- 
rides, containing 508° each be made, it is necessary to add 
3° of ferric chloride to make the cxsium salt of this type, 
10%" to make the rubidium salt, 15*" to make the potassium 
salt and 70% to make the ammonium salt. The cesium, 
rubidium and potassium compounds can be recrystallized 
unchanged, although with the last two there is a tendency to 
separate simple alkaline chlorides at the same time. Several 
separate crops were analyzed of each salt with the results shown 


below. 
Calculated for 


B. C. 
Cesium ......... 51°15) 51°05 51°40 
11°05 10°98 10°82 
Chlorine ........ 34°36 34:19 34°02 34°30 
3°55 3°59 3°48 


100.00 


100°11 


99°82 99°81 
| | 
| 
99°81 
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Calculated for 

A. Rb.FeCl;H,0. 
Rubidium ....... 40°51 40°44 
Iron 13°28 13°29 
41°91 42°01 
4°23 4°26 


99°93 100°00 
Calculated for 
A. K,FeCl,H,0. 
Potassium 23°66 23°73 
Tron 16°86 16°98 
53°56 53°84 
6°20 5°45 
100°28 100°00 
Calculated for 
A. (NH,)sFeCl,H,0. 
Ammonium 12°39 2° 12°52 
Iron 19°13 19°48 
61°21 61°74 


100°12 100°00 


All these salts are well crystallized in short prisms. The 
cesium and rubidium compounds are permanent in the air but 
the potassium and ammonium salts absorb moisture quite 
rapidly. 

1:1 Cesium Ferric Chloride, CsFeCl3AH,O.--This was 
made from a solution containing 50* of ezsium chloride and 
180" of ferric chloride. Below are the analyses of separate 
crops. 

Calculated for 

B. CsFeC],3H.0. 
Cesium 38°39 38°53 39°39 
Iron ‘ 16°85 16°48 
41°73 41°77 
3°63 "0: 2°36 


100°32 100°74 100°00 


This salt absorbs moisture in the air so rapidly that con- 
siderable difficulty was experienced in preparing samples for 
analysis. It is regarded as containing $a molecule of water on 
the evidence of the analytical results, although it is not 
unreasonable to suppose that all the water found was absorbed, 
especially as the bromide, CsFeBr,, is anhydrous. The crystals 
were slender needles which rapidly lost their yellow color in 
the air, turning red. 


= 


288 P. T. Walden—Double Chlorides and Bromides, ete. 


The Double Bromides.—These are all very dark green, 
almost black and quite opaque. Like the chlorides, the 2:1 
cesium salt is darker than the rubidum compound of the 
same type. As no corresponding potassium or ammonium 
salt could be made, tlie comparison can be carried no farther. 
The cesium and ammonium 1:1 bromides are of nearly the 
same color. None of the double bromides are capable of 
recrystallization. 

2:1 Cesiumand Rubidium Ferrie Bromides, Cs,FeBr,H,O 
and Rb, Fe Br,H,O.—The first of these salts was made with 
the quantities of the constituent bromides about equal, the 
second with 50% of rubidium bromide to 60% of ferric bro- 
mide. The following are the analyses. 


Calculated for 


Cs,FeBr;H,0. 
35°76 35°60 35°95 
8°05 7°93 7°56 
Bromine ........ 54°20» 54°05 
2°52 2°84 2°44 
100°538) 100°00 

Calculated for 

B. Rb.F.Br;H.0. 
Ravidwm ....... 26°20 2614 26°51 
Bromine 62°13 62°12 62°02 
2°90 2°88 2°79 
100°09 100°138 100°00 


Both compounds were obtained in short doubly terminated 
prisms. the cesium salt is comparatively stable while the 
rubidium salt decomposes rapidly in the air. 

1:1 Cesium and Ammonium Ferric Bromides, Cs Fe Br, 
and NH Fe Br 2H,O.—A solution of 50% of cxsium bromide 
and 100% of ferric bromide gave the first of these salts in 
slender needles. The second could not be obtained until 250% 
of ferric bromide had been added to 508" of ammonium 
bromide. Separate crops of each were analyzed with the 
results given below. 

Calculated for 


A. B. CsFeBr,. 
26°02 26°13 
11°25 11°30 11-00 
Bromine 63°01 62°99 62°87 


100°28 100°00 


4 
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Ammonium 
Tron 
Bromine 
Water 


B. 
3°92 

13°59 

74°71 


Calculated for 


NUH ,FeBr,2H,0. 


4°19 
13°02 
74°42 
8°37 


100°00 


100°00 100°00 
As the ammonium salt is so deliquescent that no satisfactory 
determination of water was possible, it was taken by difference 
and it is believed that the results warrant the acceptance of: 
the formula as written above. Great care was exercised in an 
attempt to prepare a 2:1 ammonium bromide but without 
success. NH,FeBr,2H,O and simple ammonium bromide were 
finally crystallized out together in the same solution. This is 
regarded as good evidence that no salt of a type higher in 
ammonium exists. 

Ferroferrie Salts: RbBrFeBr2FeBr3H,O and KBrFe 
Br 2keBr3H,O.—While endeavoring to obtain a double fer- 
ric bromide with potassium a dark green body separated from 
a solution containing an excess of bromine, which gave a 
black hydroxide with ammonia. This was considered so 
remarkable that an effort was made to prepare corresponding 
salts with the other alkali-halides and ammonium, under the 
same conditions. This attempt resulted in the formation of 
only one other compound of the same kind, that with rubid- 
ium. The ferrous iron in those salts was determined by titra- 
tion in the presence of hydrochloric acid with a standard 
potassium dicromate solution. It was found to be impossible 
to determine water satisfactorily on account of the extreme 
instability of both salts. It was therefore taken by difference. 
The rubidium salt resulted from the bringing together in solu- 
tion of 508 of rubidium bromide and 150% of ferric bromide, 
the potassium salt from a solution of 50® of potassium bro- 
mide and 250* of ferric bromide. Below are the analytical 
results, A, B, and C being separate crops. 

Calculated for 
C. RbBr. FeBr, . 2FeBr;3H,0. 
5°53 5°45 
10°13 10°90 
70°07 
5 26 


Rubidium 
Ferrous iron -- 
Ferric iron. 
Bromine 


“TOD Creat 


100°00 100°00 


* Water by difference. 


A. C. 
3°83 
| 
| 
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Calculated for 
KBr . FeBr,. 2FeBr; .3H,0. 


Potassium 3°47 3°92 3°98 
Ferrous iron ....- 4°31 4°26 5°71 
Ferric iron 12:36 =11°70 11°42 
Bromine ......-.- 73°15 73°09 73°39 
6°71* 5°50 

100°00 100°00 


These salts are dark green in color and quite opaque like 
the double ferric bromides described above. The erystalliza- 
tion of the rubidium salt is apparently rhombohedral, that of 
the potassium cubical. 

In conclusion the author wishes to express his sincere thanks 
to Prof. H. L. Wells, under whose direction the work has been 
carried on, for his kindly aid and many valuable suggestions. 

Sheffield Scientific School, New Haven, Conn., July, 1894. 


Art. XL.—TZhe Standardization of Potassium permanganate 
in Iron Analysis; by CHARLOTTE F. RoBeERrts. 


[Contributions from the Kent Chemical Laboratory of Yale College—XXXV.| 


For practical work in iron analysis, the standardization of 
the potassium permanganate is naturally a very important 
problem. The best authorities agree in considering that it 
should be finally standardized on ferric chloride, but the diffi- 
culty consists in determining with accuracy the amount of iron 
in this solution. Though the purest iron which can be obtained 
commercially is used as the basis, the resulting ferric chloride 
still contains some silica and phosphorus, which must be elimi- 
nated or the amount determined gravimetrically. The process 
of determining the amount of iron in the ferric chloride solu- 
tion, upon which the potassium permanganate is finally stand- 
ardized, thus becomes long and tedious. To obviate this, the 
following experiments were undertaken in the hope of obtain- 
ing the same result by a shorter and more convenient method. 

if the potassium permanganate could first be compared with 
a solution containing a known weight of iron which is finally 
brought into the same condition as the ferric chloride solution, 
and then this same potassium permanganate directly titrated 
with the ferric chloride itself, the necessary accuracy could be 
obtained without the gravimetric work on the ferrie chloride 
recommended.t Since electrolytic iron is undoubtedly the 


* Water by difference. 
+ Blair: The Chemical Analysis of Iron, pp. 212-216. 
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purest form of iron known, it would seem that potassium per- 
manganate titrated against this might be expected to give trust- 
worthy results for the first comparison. 

For the production of a definite amount of electrolytic iron 
two different courses are open tous. Either a weighed amount 
of a pure iron salt, as ammonio-ferrons sulphate, may be taken 
and the iron completely precipitated by electrolysis; or an 
indefinite quantity of the salt may be taken and subjected to 
electrolysis for a time, and the amount of iron determined by 
weighing the electrolytic deposit. After some preliminary 
trials, this second method has recommended itself to me as 
being much more rapid than the first-mentioned method and 
also free from some manipulatory details which render the first 
difficult to be done with exceeding accuracy. 

Some experiments were therefore undertaken to compare 
the amount of iron determined by direct weighing of the elec- 
trolytie deposit with the amount determined by titration of the 
svlution of this same iron with potassium permanganate. The 
details of the experiments were as follows. The solution of 
potassium permanganate was first accurately standardized with 
ammonium oxalate which had been shown to give identical 
results with those obtained by the use of lead oxalate. About 
10 grams of ammonio-ferrous sulphate were dissolved in about 
150 cubie centimeters of water, 5 cubic centimeters of a satu- 
rated solution of potassium oxalate were added, and then the 
whole was heated with a considerable quantity of solid am- 
monium oxalate until a clear solution was obtained. This solu- 
tion was decomposed in a beaker between two platinum elee- 
trodes, the iron being deposited on a piece of platinum foil of 
a size convenient to be inserted ina rather large weighing 
bottle, in which it was weighed both before and after the elec- 
trolysis. From 14 to 14 hours, with a current of 2 ampéres, 
was in general found to be sufticient to precipitate from *4 to 
‘> grams of pure iron, and it was found unadvisable to use 
a current much stronger than 2 amperes, since a higher current 
showed a tendency to render the deposit less smooth and com- 
pact. After washing, drying and weighing in the usual way, 
the iron was dissolved in hydrochloric acid, the weighing bot- 
tle being used instead of the small flask ordinarily employed 
in this operation, the oxidized iron was reduced with zinc, and 
finally titrated with the potassium permanganate solution in 
presence of sulphuric acid and a large amount of water. 

The fullowing table shows the results obtained, the first 
column giving the weight of the electrolytic deposit of iron, 
and the second the weight of iron found in the solution of the 
preceding upon titration with potassium permanganate previ- 
ously standardized on ammonium oxalate. 

Am. JOUR. Series, VoL. XLVIII, No. 286.—OctToser, 1894. 
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a: II. Difference. 
"4357 “4364 “0007+ 
*B551 *3559 0008 + 
"2552 "2550 0002 
*2898 2890 “0008 — 
‘1590 °1599 “0009 + 
"3528 "3534 ‘0006 + 
"4498 "4494 0004— 
“5086 “5085 ‘0001— 
"4462 "4457 0005 — 
"4226 *42992 0004— 
‘5170 5165 


These results show that the standard of potassium perman- 
ganate as determined from pure iron differs very slightly from 
that obtained with the ammonium oxalate, but the standard 
obtained in the former way would under ordinary conditions 
be more satisfactory for work in iron analysis than the latter. 
A simple and rapid method, then, for standardizing the potas- 
sium permanganate solution would be to determine its strength, 
first, by comparison with electrolytic iron in the manner above 
described, and then by immediate titration with ferric chloride 
to determine the exact amount of iron in each eubic centimeter 
of the latter solution. This being ascertained, the ferric chlo- 
ride solution can be employed at any time for the standardiza- 
tion of potassium permanganate, 


Art. XLI.—TZhe Detection and Approximative Estimation 
of Minute Quantities of Arsenic in Copper; by F. A. 
Goocn and H. P. Mosre.ey. 


[Contributions from the Kent Chemical Laboratory of Yale College—XXXVI.] 


SANGER’S recent successful application of the Berzelius- 
Marsh process to the quantitative determination of arsenic in 
wall-papers and fabrics,* by the comparison of test mirrors 
with standard mirrors carefully prepared under the conditions 
of the test, opens the way, naturally, to the similar estimations 
of minute amounts of arsenic in any-substances which may be 
submitted to the process immediately or after suitable prepara- 
tion. 

The need of a rapid and at the same time trustworthy method 
for the determination of traces of arsenic in copper has led us 
to a study of the application of Sanger’s process to this special 
case. 

* Am. Chem. Jour., xiii, 431. 
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It has been shown by Headden and Sadler* that the presence 
of copper in the Marsh generator is instrumental in holding 
back the arsenic and our own experience is similar. It is obvi- 
ous, therefore, that means must be employed for the complete 
removal of the copper from the arsenic before the solution of 
the latter is put into the reduction-flask. So far as our experi- 
ence goes there is no method by which arsenic may be removed 
from copper easily, and without loss, aside from those methods 
which depend upon the volatility of arsenions chloride from 
solution in strong hydrochloric acid, and of such methods 
we give the preference on the score of rapidity in execution, 
accessibility of pure materials, and compactness of apparatus, 
to a process recently developed in this laboratoryt and_ based 
upon the simultaneous action of strong hydrochloric acid and 
potassium bromide upon the salt of arsenic. 

To get the copper into condition for the application of the 
process of separation from arsenic we find it sufficient to dis- 
solve an amount not exceeding one gram in nitric acid some- 
what diluted with water, to add to the solution two or three 
cubic centimeters of strong sulphuric acid, and to evaporate 
the liquid until fumes of the sulphuric acid are disengaged 
abundantly. A single treatment of this sort serves to remove 
the nitric acid so completely that no interference with the 
normal action of the Marsh apparatus is apparent in the subse- 
quent operation. The residue after concentration is diluted 
with water to about 5 em* and waslied into the distillation flask 
with an amount of the strongest hydrochlorie acid (sp. gr. 1°20) 
equal to that of the remainder of the liquid. It is desirable 
that the entire volume of the liquid should not much exceed 
10 em*. The flask which has a capacity of forty or fifty cubic 
centimeters, is inclined at an angle of about 45° and joined by 
means of a pure rubber stopper to a bent pipette which serves 
as a distillation tube. The lower end of the vertical limb of 
the pipette dips beneath the surface of about 5 em* of hydro- 
chloric acid of half strength contained in a test tube which is 
cooled and supported by water nearly filling an Erlenmeyer 
flask. A single gram of potassium bromide is introduced, and 
the distillation (which may be completed in three or four 
minutes) is pushed nearly to dryness. The flask is washed out, 
another portion of potassium bromide is introduced, and the 
first distillate is introduced and redistilled as before excepting 
that the condensation is this time effected in pure water. This 
second operation serves merely to hold back traces of copper 
carried over in the first distillation, but experiment has shown 
that the addition of the potassium bromide in the second dis- 
tillation is quite as necessary as in the first, since the bromine 


* Am. Chem. Jour, vii, 342. + Gooch and Phelps. This Jour., xlviii, p. 216. 
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liberated in the process has the effect of reoxidizing the arsenic 
in the receiver and so making that element non-volatile under 
the conditions until the reducing agent is again introduced. 
The free bromine in the final distillate must be re-converted 
to hydrobromic acid before the contents of the receiver may be 
introduced into the reduction-flask, and we find that this effect 
may be most easily and unobjectionably accomplished by the 
addition of a little stannous chloride dissolved in hydrochloric 
acid of half-strength and purified from arsenic by prolonged 
boiling. Incidentally and simultaneously the arsenic is reduced 
to the arsenious form, and, though Sanger has shown that 
minute amounts of arsenic are completely eliminated from the 
solution in the reduction flask when that element is intro- 
duced in the higher form of oxidation, it is our experience that 
the rapidity of elimination of the arsenic is so increased by the 
introduction of the small amount of stannous chloride needed 
to bleach the bromine that the mirror appears in from five to 
ten minutes and is practically complete in half an hour, espe- 
cially if the precaution is taken to add a little more stannous chlo- 
ride, according to Schmidt’s suggestion* after the operation 
has been in progress about twenty minutes. 

It will be remembered that Schmidt has shown that the 
addition of stannous chloride to the Marsh apparatus in action 
not only does not effect the retention of arsenic, as many other 
metallic salts do, but actually brings about the final evolution 
in the form of the hydride of that portion of the arsenic which 
may have been deposited during the process in elementary form 
upon the zine. 

We have used the Sanger apparatus in form essentially un- 
changed ; but we find it advantageous to fill the reserve genera- 
tor with zine coated with copper by the action of a solution of 
copper sulphate, instead of with pure zinc, since in this way 
the zine is made more sensitive to the action of the dilute sul- 
phurie acid, while the presence of copper (which is of course 
out of the question in the reduction-flask) can be of no disad- 
vantage in the reserve generator and might even serve a useful 
end in fixing traces of arsenic if the zine and acid employed 
were not absolutely free fyom that element. In the formation 
of the mirror too, it has proved to be an advantage to enclose 
the portion of the glass tube to be heated in a short thin tube 
of iron or nickel slightly larger than the glass tube and kept 
from contact with it except at the ends, which are notched 
and bent inward. By keeping the outer tube of metal at a 
low red heat it is possible to diminish the tendency, which 
shows more partieularly when the amounts of arsenic are 
fairly large, toward the formation of a double mirror corres- 


* Zeit. fir Anorgan. Chem., i, 353. 
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ponding to the allotropic conditions of the arsenic. The 
exigency compels, moreover, the substitution of hydrochloric 
acid for the sulphuric acid usually employed in the redue- 
tion flask ; but, though the opinion is current that hydrochlo- 
rie acid introduces difficulties in the Marsh test, we have been 
unable to discover any evidence of the formation of a zine mir- 
ror in the ignition tube or to note other unfavorable action due 
to the use of pure hydrochloric acid. It is, of course, obvious 
that the hydrochloric acid used must be actually free from: 
arsenic (as was ours) and not merely nominally so, as is often 
the case with the so-called arsenic-free hydrochloric acid of 
commerce. 

The copper for our test experiments was prepared free from 
arsenic by electrolizing in ammoniacal solution the purest copper 
sulphate obtainable and stopping the deposition before the 
solution had become exhausted. In this manner we were able 
to procure copper in which we failed tu detect arsenic. This 
copper was dissolved in nitric acid, arsenic in the higher condi- 
tion of oxidation was added, and the process of the separation 
of the arsenic from the copper and conversion to the mirror 
carried out in the manner described. The results obtained are 
recorded in the accompanying table. 


Mirror estimated (by 
comparison with 


Copper taken, Arsenic taken, standard mirror) Error, in 
in grams. in milligrams. in milligrams. milligrams. 

none none none none 

O'7 none none none 

0°5 0°005 0°008 0°002— 
0°5 0-011 0°013 0°002 + 
0°35 0°020 0-015 0°005 — 
0°3 0:030 0:030 none 

0°43 0°040 0°035 0°005 — 
0°44 0°050 0°040 0°010— 


It is plain from these results that the method is capable of 
detecting sharply minute amounts of arsenic in copper and of 
effecting the estimation of quantities less than 0°05 mg. with 
some approximation to accuracy. There is, as Sanger has 
pointed out, a good deal of variation even in standard mirrors 
made with all possible care and precaution, and in the estima- 
tion of mirrors containing as much as 0°05 mg. of arsenic the 
uncertainty of comparison as well as the actual variation of the 
mirror is considerable. 

When a sample of copper is under test which may contain 
more than 0°05 mg. of arsenic it is desirable to introdace into 
the reduction-flask the measured solution containing the 
arsenic gradually and in definite portions, and to judge by the 
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formation of the mirror in an interval of ten minutes after the 
introduction of portions of this test solution whether it is 
wiser to add the entire solution or to estimate the arsenic in 
the entire solution from that found in an aliquot portion. 

We append the results of the analysis of several samples of 
commercial copper, all of which were electrolytic, and of which 
the last two represented, presumably, the very purest electro- 
lytically refined copper obtainable commercially. 


Copper taken, Arsenic found, Percentage 
gram. milligrams. of arsenic. 
Sample A 0°3 0°015 0°005 
“« 0-018 0-0018 
0°015 €°0015 
1 0°005 0°0005 


Arr. XLII.—Wotes on the Miocene and Pliocene of Gay 
Head, Martha's Vineyard, Mass., and on the “ Land phos- 
phate” of the Ashley River district, South Carolina; by 
Wma. H. Dati, Paleontologist to the U. 8. Geological Sur- 
vey.* 


In 1844 Sir Charles Lyell printed+ some notes on Tertiary 
fossils collected by him at Gay Head which led him to the 
conclusion that they were of Miocene age. In 1863 Dr. 
Stimpson described a fossil crab from these beds,t but without 
expressing a decided opinion as to its geological age. In 1890 
Mr. David White, U. 8. G. S., in discussing the Cretaceous 
plant-remains of the Gay Head sections gave references to 
most of the literature relating to the Gay Head section, which 
is also diseussed in Bull. U. 8. Geol. Survey, No. 34, by Dall 
and Harris in 1892. It will not, therefore, be necessary to 
refer more fully to these well known publications. here. 

Notwithstanding the lapse of half a century since Lyell’s 
announcement, the present writer is not aware that any attempt 
has been made to identify the fauna of the Gay Head Miocene 
and determine its horizon relatively to other Atlantic coast 
beds; or even to positively confirm from paleontologic evi- 
dence Lyell’s determination, though on other grounds it has 
been very generally accepted. 

* Published by permission of the Director of the Survey. 
+ This Journal, first series, vol. xlvi, pp. 318-320. 


t Boston Journ. Nat. Hist, vii, pp. 583-9. 
§ This Journal, vol. xxxix, pp. 93-101. 


Numerous unidentified remains of esseous fishes. 


VERTEBRATES. 
Cystiphora sp. (Lyell) G. 
Rosmarus sp. (Lyell) G. 
Hyperoodon sp. 8 G. - 
Balaena ? sp. (Lyell) G. 
Carcharodon angustidens Ag. G. 
Lanna cuspidata Ag. G. 
Hemipristis serra Ag. G. 
Oxyrhina hastalis Ag. G. 


CRUSTACEA. 


Archaeoplux signifera Str. G. C. 
Archaeoplux ? sp. ind. G. 
Balanus (? proteus Conr.) fragm. G. + 


Mo.tuusks. 


Pecten (irradians Lam. young ?) G. 
Modiolaria nigra Gray? C. In gray clay. 
Yoldia limatula Say. G. 

Yoldia sapotilla Gould. G. C. 

Nucula Shaleri ns. 

Astarte (like sulcata Da Costa) G. 

Astarte (like semisuleata Leach) G. 
Crassatella sp. G. 

Cardium virginianum Conr. G. 

Isocardia fraterna ? Say. C. 

Gemma purpurea Lea var. Tottenii Stm. G. 


Venus (Kyesta) inoceriformis ? Wagner. G. 


Venus sp. G. 
Cytherea sp. (like Sayana Conr.) G. ; 
Tellina (like lusoria Say) G. 

Macoma Lyellii n. sp. G. 

Solen sp. young, (like ensiformis Conr.) C. 
Corbula sp. (like disparilis Orb.) G. 

Mya arenaria L. G. 

Mya truncata L. G. (Lyell). 

Glycimeris reflexa Say, (Panopea). G. 
Chrysodomus Stonei Pilsbry. G. 
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The writer recently visited Gay Head for the purpose of 
studying this fauna, and subsequently examined all the mate- 
rial collected at Gay Head and Chilmark in past years and now 
preserved in the collections at Harvard College. 
vestigation material aid was rendered by Prof. N. S. Shaler 
and Mr. J. B. Woodworth, U. 8. G. S. 

The following species have been identitied from the Miocene 
of Gay Head and Chilmark ; the localities are indicated by G 
and C respectively. 


In this in- 
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Parts of the rock also contain numerous worn internal casts 
of foraminifera which have been reconsolidated after wear. 

The shells are all represented by internal, or, in a few cases 
by external casts, and in several instances the identification 
though highly probable could not be made positive for want of 
the external characters. Several of the forms appear to be 
undescribed. One of the Astartes closely resembled A. semé- 
sulcata in sculpture, but was a more tumid and orbicular shell ; 
the other not unlike A. su/cata, is, nevertheless, different from 
any recent or fossil species known to me; but in so difficult a 
group as this it is inadvisable to name species without a more 
generous supply of material. 

The Chrysodomus seems without doubt to be identical with 
a species recently described by Pilsbry from specimens washed 
up on the coast of New Jersey from a submarine bed which 
also affords Chrysodomus Stimpsoni Morch., Buccinum unda- 
tum L., and unusually large specimens of U/rosalpinx cinereus 
Say. The New Jersey fossils have been cast up, after severe 
storms, at Cape May, Sea Isle City and Point Pleasant, in 
1891-2. The two following species are sufficiently well repre- 
sented to permit of description without imprudence; the 
Macoma is the most abundant fossil found at Gay Head. 


Nucula Shaleri, 

Shell ovate-trigonal, rather solid, moderately convex, with 
the anterior slope very short; internal margin distinctly and 
rather coarsely crenulated; anterior hinge margin with eight 
or nine > shaped teeth, posterior with about sixteen, which 
are less angular; muscular impressions small and the posterior 
somewhat impressed: escutcheon narrow, not deep, rather 
small ; outer surface sculptured with numerous, rather irregular, 
coarse concentric ridges often discontinuous or bifarcating 
toward the ends of the shell, the umbonal slope of each ridge 
tending to be longer than the other ; these are crossed by fine, 
sharp, interrupted grooves radiating from the beaks to the 
margin. Lon. of shell, 15; alt., 11; diameter, 7 ™°. 

This shell belongs to the group of JV. decussata and antiquata 
Sby., which, with the exception of the small deep water south- 
ern JV. crenulata Hinds, is hardly represented on our coast 
either recent or fossil. The typical specimens were collected 
by Professor Shaler at Chilmark in a ferruginous gravelly con- 
glomerate. 


Macoma Lyelli, n. s. 

Shell short, high, rounded, rather tumid, with the posterior 
extremity strongly dextrally flexuous; anterior slope semicir- 
cular, passing evenly into the base; posterior slope longer, 
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excavated behind the beaks, subtruncate obliquely, below ; two 
obscure impressed lines radiate from the beak to the lower 
posterior margin; the valves appear to have been otherwise 
smooth ; muscular impressions large, distinct ; pallial sinus in 
the right valve rising before the adductor scar then suddenly 
sloping and rounded off but little in front of the beak; in the 
left valve the sinus is more evenly arched above and extends 
much further forward, nearly reaching the anterior adductor. 
Lon. of cast 45; alt. 40; diam. 17™™. 

This species is closely related to Macoma obliqua J. Sby. 
(sp.) of the English Crag, but is less produced in front and 
more excavated on the posterior dorsal margin. It is also more 
sharply flexed behind. This is the shell mentioned by Sir 
Chas. Lyell as “a Zellina resembling 7. biplicata.” 

It will be observed that this is a distinctly northern assem- 
blage ; any of the species might be at home in the waters about 
Gay Head to-day, as far as we can judge by analogy in the case 
of extinct species. 

As regards correlation with the divisions of the Southern 
Miocene it may be said 1: that the Gay Head Miocene is Chesa- 
peake and not older; and 2, that it belongs in all probability 
to the upper part of the Chesapeake, certainly not lower than 
the St. Mary’s fauna, and probably between that and the York- 
town beds. 

About eighty feet above sea-level, in a layer of sand uncon- 
formably overlying the Miocene beds and involved in the Gay 
Head uplift, a small patch of shell fragments was discovered 
and carefully collected by Mr. J. B. Woodworth. The frag- 
ments were well preserved and not badly worn though broken, 
and the species identified were as follows: 


Venericardia borealis Conrad. 
Astarte castanea Say. 

Spisula polynyma Stm. 
Corbicula densata Conr. 
Macoma Lyellit Dall? 
Nucula Shaleri Dall, var. ? 
Purpura lupillus L. 


The fragment of Jacoma fits exactly upon the beak of one 
of the internal casts of IM. Lyeliii from the Miocene. The 
single valve of Vueula is larger than the Miocene specimens, 
has a slightly more rounded base and a few more teeth on each 
side of the hinge; but these are characters which denote greater 
maturity and there can be but little doubt that the shell is the 
same. Corbicula densata was described from the upper Mio- 
cene of Virginia and occurs in the Pliocene of South Carolina, 
and the Venericardia is of the recent type rather than the Mio- 


| 

q 


300 Dall—Mivcene and Pliocene of Marthas Vineyard. 


eene V. granulata. On the whole these specimens indicate a 
more recent fauna than the Miocene above described and may 
perhaps be regarded as representing the Pliocene. 


Tne Puosrnatic Rock oF THE AsHLEY District, SouTu 
CAROLINA. 


A year ago Mr. Woodworth had found on the southern 
shore of Block Island some fossiliferous pebbles which indi- 
cated for themselves a Tertiary origin. A visit to the island 
and subsequent enquiries showed that these were derived from 
the wreck of a vessel loaded with phosphate rock from the 
east bank of the Ashley river about ten miles from Charleston, 
S. CO. It is of the variety known as “land age ger ob- 
tained by excavating. The wreck occurred July 17, 1877, but 
similar rock I am informed is being excavated and eed 
to-day. 

An examination disclosed some discrepancies between the 
rock with its contained fossils and the descriptions current in 
the literature relating to the South Carolina phosphates. The 
material consists of fragments of limestone rock, containing 
numerous casts of shells and small solitary corals (Balanophyl- 
lia), worn by the sea into irregular rounded lumps and bored 
by boring mollusks (Gastrochana, ete.) This material (which 
has the appearance of having been phosphatized after being 
worn), lies on a bed of sand, or sand and clay, which is some- 
times several feet thick and at other times disappears alto- 
gether, when the phosphatic nodules and other things asso- 
ciated with them lie directly or the worn surface of the Ashley 
and Cooper marls. Among the nodules are found many bones, 
teeth and other remains of animals, some of which are not 
older than the Postpliocene, and even relies of aboriginal man 
have been gathered from the same stratum according to 
Holmes,* who consequently assigned the aggregation to the 
Postpliocene, while recognizing the more ancient character of 
the rock from which the nodules were originally formed. 

Penrose (Bull. U. 8S. G. Survey, No. 46, pp. 61-2, 1888) in 
discussing the South Carolina phosphates says “the nodules 
generally contain casts of Eocene shells and, in some eases, 
marine bones and sharks’ teeth.” In this he was probably fol- 
lowing Holmes and others who, notwithstanding the usual in- 
tervention of the sand and clay beds between the top of the 
Ashley River marls and the bed of phosphatic nodules, have 
regarded the nodules as waterworn fragments of the Ashley 
marl rock. The latter was doubtfully referred to the Eocene 
by Tuomey (Geol. 8. Car., p. 167, 1848) because three Eocene 


* Phosphate beds of South Carolina, p. 62, 1870. 
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species were common to the Santee (Eocene) and Ashley beds. 
One of these species is inedited, another is an unrecognizable 
internal cast (Conus gyratus) the last is Nautilus alabamensis. 
Two other Eocene forms are mentioned by Tuomey as belong- 
ing to the Ashley River marl, Pecten calvatus and Panopea 
elongata. The Cretaceous Gryphwa mutabilis and the very 
uncertain Anomia jugosa complete the list of known species 
among those which were named, but not described or figured, 
by Tuomey. It is by no means unlikely that such of these as 
are really Eocene may have been derived, like the Gryphea, 
from subjacent deposits. 'Tuomey says in regard to the Ashley 
marl (op. cit. p. 165), “ Mr. Ruftin was struck with the absence 
of all the more common Eocene forms of Virginia and even of 
the Santee” and (p. 167) “Venus crassa (T. mss.) bears so 
strong a resemblance to the Miocene species V. /yrata Conr. 
that it was not without hesitation that I separated them. Car- 
dita dubia (T. mss.) can searcely be distinguished from a spe- 
cies found in the Miocene of Pamunkey, Va. V. proxima 
(T. mss.) is like V. cortinaria; in a word, any one acquainted 
with our fossils would be struck with the Miocene aspect of 
these; and had I not found them associated with Gryphwa 
mutabilis, Pecten calvatus, Conus gyratus and Panopea elon- 
gata, | would not have ventured to place them here.” 

The pecten referred to is not 7. ca/vatus, and it is obvious 
that the Eocene age of the Ashley marl is in great need of 
confirmation. An examination of the casts of fossils in the 
phosphatie nodules shows about twenty species, of which the 
most common are an undescribed species of Venus, Astarte 
vicina Say, an Amusium not distinguishable from A. morton? 
jr., Lucina contracta Say, Dentalium attenuatum Say, and a 
Venericardia different from but related to V. granulata Say. 
Beside these are species of Corbula, Leda, Yoldia, Pecten 
(decemnarius Say), Tellina, Olivella, Marginella, Solen, Modi- 
ola, and Balanophyllia. Lastly, among the gutta percha 
squeezes taken from the casts were two unmistakable frag- 
ments of Lephora quadricostata. All the identified species 
are well known Miocene shells and all the others may well be 
Miocene. Not a single Eocene species, or characteristic 
Eocene type, occurred in the whole collection. 

I have no hesitation in coneluding therefore that the rock 
from which the phosphatic nodules are derived is of upper 
Miocene age, or at least that its fauna, while unmistakably 
Miocene, is more nearly related to the Chesapeake Miocene 
than to the older beds of the Chipola epoch. The phosphati- 
zation of the rock was of course later than its formation and 
perhaps might have taken place, like that of the very similar 
Peace River, Florida, phosphatic pebbles, during Pliocene 
time. 

Washington, July 20, 1894. 
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Art. XLIII.—On the Thermo-electric Properties of Platinoid 
and Manganine; by B. O. Petrce. 


DurRInG the last few years the attention of many physicists 
has been occupied with the attempt to discover an alloy in every 
respect suitable for making standards of electrical resistance. 
Such an alloy, it is evident, must be non-magnetic, ductile, not 
easily corroded and easily soldered to copper and brass. It 
must have a high specific resistance independent of the tem 
perature and, when drawn into wire, its resistance must not be 
subject to secular change. 

No one ‘substance is yet kuown to satisfy all these condi- 
tions completely and, since there is still some doubt about the 
permanency of artificially seasoned resistance coils made of 
manganine wire, many makers of standards prefer to use plati- 
noid in spite of its comparatively high temperature coefficient. 

I have been trying of late to reduce as much as possible the 
disturbing effects of thermo-electric currents in a certain stand- 
urd slide wire bridge and have had occasion to determine the 
thermo-electric relations of copper to such * platinoid and 
*manganine as are to be obtained in the market. A few years 
ago such determinations would have had very little practical 
value, since different specimens of copper had very different 
positions in the thermo-electri¢ scale, but this last statement is 
no longer true of copper bought in the American market. I 
have tested against each other many specimens of copper wire 
of different sizes, chosen at random from a rather large stock 
bonght at intervals during the last five years, and the highest 
electromotive force that I have obtained was 0-06 microvolts 

er centigrade degree, and this was very exceptionally large. 

believe that a thermal junction made of two specimens of 
annealed copper wire bought of different reputable makers 
would probably not yield more than one or two ¢. g. s. units 
of electromotive force per centigrade degree even if one were 
as large as no. 10 and the other as small as no. 36 on the Amer- 
ican * Gauge. Professor E. H. Hall tells me that he has 


'Feussner and Lindeck:—Zeitschrift fiir Instrumentenkunde, 1889, pp. 233- 
236. 
Nichols:—This Journal, 1890, pp. 471-477. 
Ahler, Haas and Angerstein:—Klectrotechnische Zeitschrift, 1891, p. 250. 
Feussner : —Electrotechnische Zeitschrift, 1892, p. 66. 
Milthaler :—Wiedemann’s Annalen, xliv, 1892, pp. 297-305. 
Lindeck:—Wiedemann’s Annalen. xlvi, 1892, pp. 515-516. 
Weichert :—Wiedemann’s Annalen, lii, 1893, pp. 67-75. 
* Bottomley and Tanakadaté:—Phil. Mag., xxviii, 1889, pp. 163-169. 
* Englisch: —Wiedemann’s Annalen, 1, 1893, pp. 88-110. 
* The diameter in inches of wire no. x in the American Gauge is approximately 
(0°32) 2° 
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tested several specimens of commercial copper wire of different 
sizes against plates of electrically deposited copper and that the 
electromotive force of every one of these combinations was 
extremely small] or insensible. When such results as these are 
compared with those obtained fifteen or twenty years ago,* it 
is evident that great progress has been made in the manufac- 
ture of copper wire for electrical uses and that commercial 
copper has now a pretty definite thermo-electrie position. 

The platinoid wire which 1 used was of two sizes (nos. 19 
and 28 of the American Gauge) and was bought about four 
years ago of Messrs. Elliott Brothers of London. 

The so-called “ manganine ” wire was of seven sizes bought 
at different times through Messrs. Gillis & Gleeson, of Messrs. 
Bradford, Kyle and Co. of Plymouth, Mass. The largest size 
(no. 18) was hard drawn, the other sizes were all annealed. 
Three specimens (nos. 18, 26 and 30) showed when examined 
qualitatively only a trace of nickel in combination with copper 
and manganese. 

Each of the wire thermal junctions when in nse was im- 
mersed close to the bulb of a thermometer in a bath containing 
about a litre and a half of heavy paraffine oil and furnished 
with a stirring apparatus. Each oil bath was set into and 
jacketed by a vessel of about 10 litres capacity into which ice 
or warm water or steam could be introduced or which could 
be used as an air bath. The electromotive forces of the dif- 
ferent combinations were determined by compensation on a 
potentiometer. When, for the purpose of obtaining a rough 
check on the other results, quicksilver was opposed to plati- 
noid or to manganine, the lower end of a very large test tube 
containing about 40 grams of redistilled mercury was deeply 
immersed in each oil bath and the contents of the two tubes 
were connected by a long glass siphon filled with mereury. 
The bulb of a thermometer and an end of a piece of wire of 
the kind to be examined were immersed in the mercury of each 
test tube and obvious precautions were taken to prevent undue 
loss of heat from the contents of the tubes. The following 
table gives the results of observations made in this way with 
platinoid wire no. 19 and with hard drawn manganine wire no. 
18. In each case the current passes across the hot junction 
from the first named metal to the second, the electromotive 
forces are measured in microvolts and the temperatures of the 
junctions are given in centigrade degrees. 


* See Everett’s Physical Constants, p. 151. 
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Taste I. 
Electromotive Forces, 


Temperatures of the Mercury vs. Platinoid vs. 
Junctions. Manganine, Mercury. 


and 10° 66 123 
and 20° 136 246 
and 30° 209 372 
and 40° 283 500 
and 50° 359 631 
60° ans 766 
and 70° 524 906 
and 80° 613 1048 
and 90° 704 1190 
and 100° 797 133] 


When the hard drawn manganine wire no. 18 in a thermal 
junction was for the first time raised to the temperature of 
boiling water and then slowly cooled, the results of a series of 
observations of electromotive force taken during the cooling 
were sometimes rather irregular though they agreed in general 
fairly well with the regular results (in complete agreement 
with one another) obtained on a second, third, or subsequent 
heating. The platinoid wire always gave regular results from 
the first and these were repeated with a given specimen as 
often as the junctions were brought to the same temperatures. 


The annealed manganine wire showed no irregularities on first 
being heated. The results of a large number of completely 
accordant observations with thermo elements made of copper 
and either platinoid wire no. 19 or manganine wire no. 18 are 
given in the next table. 


Taste II. 
Electromotive Forces. 
Temperatures of the Copper vs. Platinoid vs. 
Junctions. Manganine. Copper. 
and 10° . 189 
and 379 
and , 572 
and 769 
and 2 971 
and 1179 
and z 1391 
and 1609 
and F 1834 


0° and 100° . 2063 


The thermo-electric effects at the junctions with their cop- 
per terminals of resistance coils would evidently be far less 
under given conditions if the coils were made of this specimen 


\ 
0 
0 
° 
0 
0° 
0° 
0° 
0° 
0° 
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of manganine than if they were made of the platinoid. More- 
over this hard drawn manganine wire could advantageously be 
used as a slide wire, since accidental heating of a portion of 
the wire would not alter its resistance appreciably and since 
the thermo-electrie effects at the junctions of the slider would 
be insensible. On account of its high specific resistance very 
fine manganine wire has been much * used as slide wire in po- 
tentiometer work. 

A pair of thermo-electric junctions made of copper wire and 
a piece of the manganine wire no. 18 which had been kept for 
about a minute at red heat and then suddenly cooled gave an 
electromotive force of 65-9 microvolts when one junction was 
kept at 23° and the other at 93°. It is instructive to compare 
this result with the results of experiments mentioned below 
which were made with manganine wire thoroughly annealed 
in the manufacture. 

The numbers given in Table II for the electromotive force 
of platinoid against copper do not agree very well with the 
results obtained by Messrs. Bottomley and Tanakadaté who, 
found for the electromotive force of this combination the two 
expressions —1246 —5-44¢ and —1294 —4'88¢ in ¢. g. s. units. 
My experience seems to show, that as these gentlemen sus- 
pected, different specimens of platinoid wire have different 
places in the thermo-electric scale. A number of thermopiles 
made of platinoid wire no. 28 and copper gave results which 
agreed with one another perfectly, except for such extremely 
slight differences as might properly be charged to errors of 
observation, but these results were quite different from those 
obtained with the larger platinoid wire and much closer to 
those of Messrs. Bottomley and Tanakadaté. 


Taste III. 
Temperatures The Electromotive Force 
of the of Platinoid Wire no. 28 
Junctions. vs. Copper. 

10° 152 
° and 20° 306 
0° and 30° 465 
0° and 40° 628 
and 50° 799 
and 60° 973 
and 70° 1159 
and 80° 1356 
and 90° 1569 
0° and 100° 1787 


* H. M. Goodwin :—Zeitschrift f. Physikalische Chemie, xiii, 4, 1894. 
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Of annealed manganine wire I had considerable quantities 
of nine different specimens and these were of six different sizes, 
22, 26, 28, 30, 33, and 36. Of this wire Mr. C. J. Shanahan 
and I made a very large number of thermo-electrie junctions, 
sometimes opposing one specimen of manganine wire to 
another and sometimes to copper. Experiments with these 
junctions showed that one specimen (no. 22) differed rather 
widely from the others, which were thermo-electrically pretty 
close together, and that the thermo-electric position of the 
abnormal wire was in no way changed by heating it repeatedly 
red hot and cooling it suddenly. 

Table IV gives the results of numerous experiments upon 
thermo-electric junctions made of annealed manganine and cop- 
per. The numbers in the first column of electromotive forces 
were obtained with the no. 22 wire just mentioned: the num- 
bers in the last column are the averages of corresponding num- 
bers in a table where each of the other eight specimens of wire 
had a column for itself. There were slight persistent differences 
between these last mentioned wires but there was no apparent 
relation between the size of a wire and its thermo-electric posi- 
tion. It will be noticed that the electromotive force of no one 
of the manganine-copper combinations experimented on was 
greater than about one-seventh that of the weakest of the pla- 
tinoid-copper combinations under similar circumstances. 


Tasie IV. 
Electromotive Forces of 
Temperatures of Copper vs. Manganine Copper vs. Ordinary 
the Junctions. Wire no, 22. Annealed Manganine. 
0° and 10° 17°3 
0° and 20° 48°0 34°7 
0° and 30° 72°5 52°3 
0° and 40° 97°4 70°1 
0° and 50° 123°0 88°0 
0° and 60° 149°0 106°0 
0° and 70° 175°0 124°4 
0° and 80° 202°0 143°0 
0° and 90° 229°0 161°4 
0° and 100° 257°0 180°0 
Jefferson Physical Laboratory, Cambridge, Aug. 1894. 
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Art. XLIV.—Change of Period of Electrical Waves on Iron 
Wires ; by JOHN TROWBRIDGE. 


IN an investigation upon the damping of electrical waves on 
iron wires* I endeavored to detect a change of periodicity as well 
as a damping of these waves. On account, however, of the 
strong damping effect exerted by the magnetic nature of the con- 
ductors, not a sufficient number of oscillations could be set up 
in the conductors to enable one to make conclusive measure- 
ments. With more powerful means of experimenting I re- 
turned to the subject; and I have detected a marked change 
in the period of electrical waves which is produced by the 
magnetic nature of the wire. At the same time Mr. Charles 
E. St. John, working in the Jefferson Physical Laboratory, by 
an entirely different method has shown a change in wave 
length on iron wires even for the very rapid periods of the 
Hertz vibrator. It will be remembered that Hertz believed 
that iron wires behaved like copper wires when transmitting 
very rapid electrical oscillations. Stefant in a recent paper 
gives an analysis of electrical oscillations in which he proves 
that rapid electrical waves on iron wire circuits have the same 
wave length as those on a copper circuit of the same geometrical 
form—the electrostatic capacity of the two circuits being the 
same. 

With reference, therefore, both to the theory of electrical 
waves and to the theories of magnetism, it seemed important 
to determine whether there is a lengthening of electrical waves 
on iron wires. 

The method of investigation I employed was the same as 
that which I have described in my paper on the damping of 
electrical waves on iron wires. A Leyden jar was discharged 
through the given wires and the resulting spark spread out by 
a revolving mirror, was photographed. The apparatus was also 
modified as I have described in my paper on electrical resonance 
and electrical interference. 

It was important in this investigation to be able to compare 
the times of oscillation on the iron circuits and the copper cir- 
cuits, and it seemed best to employ some method of imprinting, 
so to speak, the time of a standard circuit on each photograph, 
beside the photograph of the spark produced on either the iron 
cireuit or the copper circuit; for if the speed of the mirror 
changed this change could be readily detected by the measure- 

* Phil. Mag., Dec., 1891. 
+ Ann. der Physik und Chemie, xli, 1890, p. 422. 
¢ Phil. Mag., Aug., 1894. 

Am. Jour. Sc1.—Tuirp Vout. XLVIII, No. 286.—OcToBER, 1894, 
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ment of the oscillations of the standard time spark. At first 
thought it seemed a comparatively simple matter to arrange 
a suitable time cirenit. In Hertz’s electrical waves,* appendix, 
p. 271, it is stated: 

“Let the primary coils of two induction coils be placed in 
the same circuit, and let their spark gaps be so adjusted as to 
be just on the point of sparking. Any cause which starts 
sparking in one of them will now make the other begin to 
spark as well; and this quite independently of the mutual 
action of the light emitted by the two sparks, which indeed 
can easily be excluded.” 

I therefore slipped two induction coils of exactly the same 
self-induction on a long electro-magnet, placing them sym- 
metrically upon it. In the circuits of these induction coils I 
placed the same amount of capacity. The spark gap on the 
time circuit was made of the same length as that on the cireuit 
of iron or copper wire which was under examination. I ex- 
pected thus to obtain a photograph of the spark on my standard 
circuit at the same instant as that of the spark on the trial cir- 
cuit of iron or copper. To my surprise I found that the two 
induction coils did not respond at the same instant to the 
impulse in the electro-magnet, when the spark gaps were of the 
same length. It was necessary to make a careful adjustment 
of these lengths and to modify the amount of capacity in the 
two circuits. This want of isochronism may have been due to 
irregularities in the hard rubber condensers which I employed 
as condensers. This, however, does not seem probable. The 
condensers were made of sheets of hard rubber 4 of an inch 
in thickness, covered with tin foil, and the set of condensers 
in the time circuit did not differ geometrically appreciably 
from the set on the trial circuit. The electrical disturbances 
on such a connected system is evidently a complicated one 
when its various reactions are considered; and the statement 
given by Hertz, which I have quoted, must be modified if 
there is any capacity in the circuits of the two Ruhmkorf coils 
which have a common primary. 

The capacity in the time circuit was the same geometrically 
as that in the cireuit which included the wires under examina- 
tion. A suitable amount of self-induction was placed in the 
time circuit. To ascertain whether the time cirenit could be 
relied upon, I made many measurements of the ratio of the 
oscillations in the time cirenit to those in the trial cireuits 
which contained copper wires and the same geometrical capacity. 
I had no reason to suspect a change in the self-induction in my 
time circuit ; a change might occur, however, in the capacity 
of the India rubber condensers, due possibly to hysteresis or to 


* Electric waves, Dr. Heinrich Hertz, translated by D. E. Jones, B.Sc. 
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electric strains and deformations. I could not detect, however, 
such effects. I was dealing with single discharges, not repeated 
ones, such as are employed in obtaining wave lengths along 
wires, and the photographs of such single discharges showed 
no evidence of inconstaney in the capacity of my condensers, 
If there was any effect of electrical hysteresis it affected both 
my time circuit and my trial cireuit alike. 

As an example of the degree of accuracy that can be 
obtained in the measurement of the distances between the 
oscillations on the negatives, the following table is given. The 
distances between different numbers of oscillations is given in 
the first column and the average length of the oscillation is 
given in the third column. 


Distance in mm. Number of Average length 
between the first oscillations included of oscillations 
and last oscillation. in this distance. in mm. 
22°5 6 3°75 
26°1 7 3°73 
30° 8 3°74 
15°1 4 3°77 


Repeated measures between the same number of oscillations 
give closer measures; but one is apt to set the measuring 
instrument each time on the same points on the negative. It 
is evident that measuring each time the space between a differ- 
ent number of oscillations gives the fairest result. It is sur- 
prising how close one can set the measuring instrument upon 
the serrations of the negative. 

It will be noticed below that the ratio between any two deter- 
minations of the time on the time circuit is the same as that be- 
tween the corresponding times on the trial circuits. When iron 
wire of suitable diameter, however, was substituted for copper 
wire of the same diameter and same geometrical form, in the 
trial cireuit, the ratio of the determinations of time in the time 
cireuit and the ratio of the oscillations on the iron circuit were 
no longer constant. This inconstaney I desire to dwell upon 
as my strongest proof that the period of electrical oscillations 
on iron wires is not the same as that of oscillations on copper 
wire of the same geometrical form. 

The arrangement of a suitable iron circuit gave me consider- 
able trouble. The problem was to obtain a sufficient length of 
iron wire to show any effect of change in periodicity and also 
to obtain a sufficient amount of self-induction in order that the 
distances between the oscillations on the photographs should be 
measureable. The strong damping effect of iron did not per- 
mit of my using more than four or five meters of wire. It was 
not a simple matter to arrange two circuits, one of iron and 
one of copper, which would have exactly the same geometrical 
form. After many trials I arranged my trial circuit as follows: 


f 
‘ 


3 


Trowbridge—Electrical Waves on Iron Wires. 


a eylinder of very porous wood 11:5 in diameter, 15°" long, 
was boiled in paratine, and a spiral was cut upon its surface. 
The turns of the spiral were 1™ apart. On this cylinder, and 
in these spirals, the wires under examination were wound. 
After a determination had been made with a copper wire it 
was unwound from the cylinder and an iron or steel wire was 
wound in the grooves occupied by the copper wire. Exact 
eometrical similarity was thus obtained with good insulation. 
Several hundred determinations were made with wires of dif- 
ferent sizes. With iron wires larger than 0312 inch in diame- 
ter no marked change in period could be noticed. If a great 
number, however, of photographs were measured an inconstancy 
of ratios was noticed which never appeared when the copper 
circuits were compared. It seemed as if at certain times the 
iron exerted a magnetic effect and at other times failed to do 
this. The most marked changes in period I obtained with iron 
wires of ‘0312 inch in diameter. 
I give the following example. The lengths of the oscilla- 
tions are expressed in millimetres. 
TRON. COPPER. 


A. B. C. D. 
Length of Length of Length of Length of 
oscillation on oscillation on oscillation on oscillation on 
iron circuit. time circuit. copper circuit. time circuit. 
3°7 6°08 3°5 6°14 
3°7 6°08 3°4 6°00 
3°7 3°3 6°00 

2°7 5°26 
4° 6° 3°4 6°1 
3°3 5°16 3°37 6°56 
2°8 3°6 2°68 3°72 


When the ratios of A to B and of C to D are compared it will 
be seen that the time of electrical oscillations on an iron cir- 
cuit of the same geometrical form as a copper circuit are longer 
than those on the copper circuit. 

The rate of oscillation was not far from that I employed in 
my investigation on the damping effect of iron wires. Since the 
inductance appears under the square root in the formula 
t=2rvVLe. The changes in induction due to the iron indi- 
cated by the above table may amount to from five to ten per 
cent. 

Thus my results confirm those of Mr. Charles E. St. John, 
who has shown by an entirely different method that the wave 
lengths sent out by a Hertzian vibrator on iron wires differ in 
length, from those transmitted on copper wires of the same 
geometrical form as the iron wires. His results are even of 
more importance in the theory of magnetism, for they deal 
with more rapid electrical oscillations io those I employed. 
Jefferson Physical Laboratory. 
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Art. XLV.— Wave lengths of Electricity on Iron Wires ; 
by CuaRrLEs E. St. Jonn, A.M. With Plate IX. 


THE question whether the magnetic properties of iron are 
called into play under extremely rapid alternations of the mag- 
netizing forces has been an interesting one, and has received 
various answers. 

Hertz found negative results when he replaced one side of a 
rectangular copper resonater* by an equal iron wire, and in a 
later paper on the “Finite velocity of Electromagnetic 
Action,”+ when he compares the rate of propagation along cop- 
per and iron wires, he concludes “that the rate of propagation 
in all wires is the same, and we are justified in speaking of it 
as a definite velocity. Even iron wires are no exception to 
this general rule; hence the magnetic properties of the iron 
are not called into play by suc: rapid disturbances.”’} 

Dr. Oliver J. Lodge attacked the question by means of his 
experiment on the alternate path. In his “ Lightning Condue- 
torsand Lightning Guards ” (1892)$ he remarks : “ But everyone 
will say—and I should have said before trying—surely iron 
has more self-induction than copper. A current going through 
iron has to magnetize it in concentric cylinders, and this takes 
time. But experiment declares against this view for the case 
of Leyden jar discharges.” 

Prof. John Trowbridge has shown that the magnetic charac- 
ter of iron wires exercises an important influence upon the 
decay of electrical oscillations of high frequency, and that cur- 
rents of such frequency as occur in Leyden jar discharges mag- 
netize the iron. The spark in geometrically similar oscillating 
circuits of copper and iron was photographed by means of a 
revolving mirror and the number of oscillations on the nega- 
tives compared. 

Prof. J. J. Thompson has shown| that the presence of iron 
can affect the rapidly oscillating electric discharges through a 
rarified jar by absorbing the energy of the discharges. 

In a paper the Absorption Power of Metals for the 
Energy of “Electric Waves,” V. Bjerknes has also given 
results that prove the great damping power of magnetic metals 
upon electric oscillation of very high frequency (100,000,000 
double oscillations per second). 


* Annalen xxxi, p. 429, 1887. + Annalen, xxxiv, p. 351, 1888. 

t Electric Waves, p. 113. 

$ Proceedings of American Academy of Arts and Sciences, vol. xxv, May 27, 
1891. 

| Phil. Mag. (V), Ixxxii, p. 456, July, 1891. 
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If the damping power of iron is due to the fact that its mag- 
netic properties are brought into play, under such rapidly 
alternating forces, it still remains an interesting question 
whether the self-induction of an iron circuit is measurably 
greater than that of a similar copper circuit, and whether the 
wave length remains constant for oscillations of the same period. 

In the determinations of the wave lengths due to the Hertz- 
ian vibrator, the arrangement originated by Hertz* and modi- 
tied by Lechert+ and by Sarasin and De La Rivet has been 
very generally employed. In this arrangement secondary disks 
were placed face to face with the plates of the vibrator and 
near to them, to each secondary disk a long wire was attached ; 
and these wires carried through the air parallel to each other, 
with, sometimes, an additional disk on the free ends. 

With such an arrangement no exact adjustment of the length 
of the secondary circuit was required in order to excite power- 
ful oscillations in it, for the direct electrostatic induction 
between the plates of the secondary and the disks on the ends 
of the primary wires was so great that vigorous oscillations 
were produced along the secondary wires whatever their length 
might be, and several systems of waves could be detected which 
seemed to give experimental grounds for believing that the 
wave system sent out from the Hertzian vibrator was very 
complex. 

The capacity of the vibrator is increased by the presence of 
these secondary disks so near to the vibrator plates, so that the 
wave length found under these conditions is not that due to 
the simple Hertzian vibrator but that due to a very complex 
oscillating system with somewhat obscure internal reactions. 
Especially is this true when the wires are bridged as in the 
Lecher arrangement. The latter calls attention to the change in 
the sound of the primary spark when the secondary wires are 
bridged by a conductor. There is a very marked difference in 
the spark when the secondary circuit is removed entirely. 
The spark then loses much in body and explosive character. 
The secondary circuit under these conditions exerts apparently 
a strong reaction upon the primary. 

It seemed desirable to devise some form of secondary depend- 
ing more directly upon the principle of electrical resonance, 
the use of which would not increase the capacity of the vibrator 
and whose reaction upon it would be a minimum. This was 
done by omitting the secondary disks and using simply a single 
long wire as shown in fig. 1a. 


* Annalen, xxxiv, p. 551, 1888. 
+ Annalen, lxi, p. 850 
¢ Archives des Sciences physiques, t. xxiii, p. 113, 1890. 


{ 
{ 


St. John— Wave lengths of Electricity on Iron Wires. 313 


The secondary cireuit consists of the long rectangle PQRS 
which is carefully adjusted to resonance before any other meas- 
urements are made. 

la. 


859 CU 


Q 
O 
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For determining the occurrence of resonance and for explor- 
ing the wires to obtain’ the wave form, the bolometer as de- 
scribed by Paalzow and Rubens* was used in connection with 
Rubens’+ adaptation of it. 

The exploring terminals of the bolometer are shown at P, fig. 
2a. They consist of two capillary glass tubes set in a frame 
of wood, the tubes slide over the wires to be explored, and 
around each tube is wrapped by a single turn one of the leading 
wires to the bolometer. Electric oscillations in the secondary 
circuit cause inductively alternating currents along the leading 
wires through one arm of a balanced Wheatstone bridge, which 
forms the bolometer. This arm of the bridge is made of fine 
iron wire and so arranged that the bridge current and the 
oscillating currents traverse it without affecting each other. 
The bridge is thrown out of balance by the increase of resist- 
ance caused by the heat generated from the alternating cur- 
rents, and a corresponding throw of the galvanometer is pro- 
duced. 

To adjust the circuit to resonance the exploring terminals 
were placed at PS (fig. la.) The induction coil was put in 
action, and the reading of the bolometer taken for this length 
of wire, a few centimeters of wire were cut off and the reading 
again taken. This operation was repeated until a maximum 
point was passed. The wires were renewed and the operation 
repeated again and again. A sharp and unmistakable maxi- 
mum was formed when PQ was 859™ long. The effect fell 


* Anwendung des bolometrische Princips auf electrische Messungen, Annalen 
XXXvii, p. 529. 

it Ueber stehende electrische Wellen in Drahten und deren Messungen, Annalen 
xln, p. 154, 
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off rapidly when the wires were lengthened or shortened from 
either point. The result is shown graphically in fig. 2, where 


2a. 


distances from Q are used as abscissas and deflections of the 
galvanometer as ordinates. When the circuit is thus arranged, 
there is little effect pro- 
- duced upon it by the 
vibrator unless it is near 
the point of resonance. 
i \ The period of the vibra- 
50 tor is the controlling fac- 
tor and the influence of 
the secondary circuit is 
greatly reduced. 
\ To determine the char- 
acter of the vibrations 
\ alongthe wire, the lengths 
30 1. QP and RS, fig. 1a, 
iN were fixed at 859™, the 
exploring terminals were 
d moved along the rect- 
pe pone angle and the bolometer 
reading taken for each 


position of the exploring terminals. The graphic representa- 
tion of the results is given in fig. 1, of the plate where, as in 
all the curves, the abscissas are the length of the sides of the 
rectangle and the ordinates the bolometer readings. The char- 
acter of the curve indicates a simple form of vibration. The 
total length of the wire is coieduet to 7 half wave lengths. 
The minimum points occur at nearly equal intervals, and the 
distance from the minimum at 748™ to the center 0 of the 
side QR may be taken as three half wave lengths. This fur- 
nishes a ready means of calenlating the half wave length. 


3a. 
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QR = 30". 748415= 763". 763+ 3 = = a half 
wave length. The distance from this minimum to the end of the 
wire P should bea fourth wave length or 127:15™. The 
actual distance is 859 — 748 = 111, so that the correction for 
the free end of the wire is about 16°". 

To adjust the length of the wire under this arrangement 
was a work of considerable difticulty, but the possibility of 
using a single wire circuit free from disturbing capacities would 
overbalance much inconvenience. To remove this source of 
inconvenience, the ends P and 8, fig. 2a, were wound upon 
wooden bobbins so that shortening and lengthening could be 
produced without cutting the wire; this was a marked gain in 
convenience ; but the changing size and form of the coils, as 
the wire was shortened or lengthened, varied the capacity at 
the end slightly and somewhat irregularly. This led to the 
adoption of the arrangement shown in fig. 2a. 

The secondary cireuit consisted of the rectangle KLMN 
with the side LN open. The lengths of the sides KL and 
MN could be varied between 15°, and 1000™. The ends were 
really formed by the small copper boxes M and N. These 
were 10™ square and 4™ thick and mounted upon the wooden 
bar E by insulating supports. Within the boxes were wooden 
bobbins fixed on a hard rubber axle, and each capable of hold- 
ing 10" of the largest wire experimented upon. In the front 
of each box wasa small opening for the passage of the wire, 
but to assure a firm contact, between the wire and the boxes, 
a brass block was soldered on the inner side of the front and a 
binding screw passed in from the side of the box. The bar E 
was fastened to a wooden support resting upon acar which ran 
on a wooden track extending the entire length of the room. 
The car carried a brake so that the wires could be drawn taut 
and the wooden screw held the axle from turning. With this 
arrangement the length of the wire could be varied at pleasure 
while the end capacities remained constant. The end capacities 
are not a desirable feature for their own sake, since they 
destroy the perfect simplicity of the plain rectangular circuit, 
and seem to detract somewhat from the sharpness of the 
maxima, but the gain in convenience, and the possibility of 
obtaining a large number of observations whose average values 
can be used may overbalance these considerations. 

For making and breaking the current through the induction 
coil, an interruptor which would work with certainty and 
regularity was much needed. With the assistance of the 
mechanician of the laboratory I devised an interruptor which 
gave very satisfactory results. 

A small electric motor (fig. 4a) was used to produce the 
necessary motion, this was actuated by the current from two 


| 
| 


316 St. John— Wave lengths of Electricity on Iron Wires. 


storage cells, and ran at a fairly constant speed. The armature 
of the motar was in three sections, and was free from dead 
points, giving it the great advantage for the present purpose 
that it could be set in action simply by closing the circuit, 
making it possible to control it from the observer’s station. 


da. 


The motor was geared to the two-crank shaft K by means of a 
wheel and pinion. The speed of the shaft K was about 750 
revolutions per minute, so that about 25 breaks were made per 
second. The plunging rods was thinned at O so that they 
were flexible and gave the required freedom of motion; they 
ran through the bed plate and the brass bar below which served 
as guides. The plunging rods carried binding screws by which 
the flexible coils leading the current from the brass post Q 
were attached. The lower ends of the plungers were of No. 
18 platinum wire. The brass bottoms of the glass mercury 
cups screwed into the brass arm N which was adjustable by 
means of the collar and binding screw L along the pillar P. 
At P was attached one pole of the battery actuating the coil 
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and also one pole of the condenser in the base of the coil; and 
at Q was attached one pole of the coil and the other pole of 
the condenser. The cups were filled with mercury to a height 
of 8" and then filled with aleohol to within a few millimeters 
of the top. They usually required cleaning only after several 
hours’ use, when the surface of the mercury consisted of very 
fine globules, and sharp breaks were not made at each stroke of 
the plunger as was indicated by the occasional failure of its 
spark. The character of the spark depended much upon the 
exact height of the mercury cups. The adjustment was best 
made while the coil was in action by raising or lowering the 
cups until the spark had a white body and a peeuliar snap. 

The plates of the Hertz vibrator were 40% square and 
fixed at 61™ apart. The spark gap was supplied with 
platinum-faced balls (8% in diameter) which worked with less 
trouble than the usual brass ones. The side KM of the 
secondary cireuit was parallel to the conductor forming the 
vibrator plates and fixed at 6™ distance with its center 0 
opposite the spark gap. The long sides of the rectangular 
secondary lay in a horizontal plane and ran through the center 
of the room at a height of 1°6" above the floor. They were 
held by their end supports at 30™ apart. The induction coil 
was 53™ long, 19° in diameter, and was excited by the 
current from five storage cells. A sparking ‘distance of about 
6™" was most effective in producing oscillations in the seeond- 
ary cireuit. The following method was pursued in taking the 
observations. The interruptor was set in action, the circuit 
closed through the induction coil and an observation taken 
of the first swing of the needle. The circuits were broken as 
soon as the needle reached the end of its first swing, and the 
extent of this excursion was the reading recorded. In accord- 
ance with the experience of Paalzow and Rubens, it was found 
that a steady deflection could not be obtained, but this first 
swing was, under like conditions, satisfactorily constant, and 
a preliminary calibration of the instrument by passing currents 
of known strength through it showed that the square root of 
the deflection taken in this manner was in a constant ratio to 
the current. 

The same copper wire (diameter 0°1201™) that had been 
used in the secondary without end capacities was used for the 
rectangle KLMN in fig. 2a, and with the exploring terminals 
close to L and N, the maximum point was found by lengthen- 
ing and shortening the wire. Bolometer readings were taken 
for each length used. To assure the constant activity of the 
spark, a convenient length was taken as a point of reference, 
and observations taken at this point before and after a series 
of readings. If the spark had remained constant the readings 
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were retained. A maximum point was found when KL was 
818, The sides were fixed at this length, and the form of 
the wave was obtained by sliding the exploring terminals 
along the wire, and taking bolometer observations for each 
position. The result is‘shown in fig. 3, of the plate. The 
critical points were determined several times, and the steadi- 
ness of the spark assured by choosing, as before, a point of 
reference. The curve shows three minima at 240, 496, and 
752, starting from 0 these give half wave lengths of 255, 
256, and 256™, with an average of 255°6™. The third mini- 
mum at 752“™ was determined with care, as it was to be used 
as a basis for calculating the half wave length. An error in 
determining the position of this minimum would be divided 
by three, since the distance from 0 to this minimum was three 
half wave lengths. The total length of the circuit was seven 
half wave lengths, and it was the equivalent of one-fourth of 
a wave length from the third minimum to the end. The 
actual distance to the end was 818—752=66™. 127-°8—66= 
61:8°"= the equivalent of the capacities in centimeters of wire. 

A comparison of the curve (fig. 1, of plate) obtained from 
the plain wire circuit with the curve (fig. 3, of plate) obtained 
when capacities were fixed on the free ends shows a quite 
satisfactory agreement, which tends to create confidence in 
both methods. The half wave length by the first is 254:3™, 
and by the second it is 255°6, values which differ by about 
one-half of one per cent. There is a marked difference, as 
was to be expected, in the form of the curve next the free 
ends. When end capacities were used, the accumulation of 
charge seemed largely confined to them out of reach of the 
exploring terminals, while with the plain wire it seemed 
distributed over a greater distance. In each case the effect of 
the ends was to make the curve depart from the normal form 
along the free wire. 

The theory of my investigations rests upon the principle of 
electrical resonance. The sides of the rectangle KLMN 
(fig. 2a) were shortened to a few centimeters in length, so 
that it could be safely assumed that the period of the secondary 
was considerably shorter than that of the vibrator. The 
exploring terminals were kept at LN and bolometer observa- 
tions taken for each small addition to the length of the sides 
KL and MN. When best resonance was found with the 
shortest length of the secondary circuit that gave a maxithum, 
it was assumed that the secondary had the same period as the 
vibrator, and that its equivalent length was a half wave length, 
its actual length depending upon the effect due to the free 
ends. The occurrence of resonance is a very marked phe- 
nomenon even with a vibrator that damps.as rapidly as the 


St. John— Wave lengths of Electricity on Lron Wires. 319 


Hertzian. The accompanying table shows two series of 
readings for the first maximum when an iron wire was used. 


Length of sides of rectangle, 15 25 35 40 425 45 50 60 75 
Deflections of galvanometer, 107 145 156 194°3 199°2 181°5 140 81 42 
= ” 94119 161 185 191 178 136 76 34 


There can be no free motion of electricity at the ends of 
the secondary circuit, but an accumulation alternately positive 
and negative, and a resulting alternation of potential, the 
phase at L being always opposite to the phase at N in case of 
resonance. Elsewhere along the circuit the electricity moves 
with more freedom and less accumulation. The point 0 may be 
called the electrical middle of the circuit where the accumula- 
tion is least and the movement more unrestrained. The 
electro-motive impulses from the vibrator act directly upon 
the side KM so that 0 remains a point of free motion or the 
ventral segment of the wave, while L and N are always places 
of no electric movement, or the nodal points. The shortest 
circuit being a half wave length, a second resonating circuit 
ought to be found by increasing each side of the rectangle by 
a half wave length, making the circuit 3 half wave lengths 
long, and a third when the circuit is 5 half lengths and so on.* 
It is known that the change of period produced by replacing 
copper by iron does not exceed two per cent. The difference 
in length between a copper and an iron circuit of the same 
period would be very small with circuits a half wave length 
long; but this difference would be 3 times as great with 
circuits 3 half wave lengths long, and there might be a 
cumulative difference that would become measurable by the 
use of circuits of still greater length. To examine this ques- 
tion, a copper wire (diameter 0°1201™) was used as the second- 
ary cireuit in fig. 2a. The sides were taken 15™ long and 
gradually lengthened to 875°", and bolometer readings taken 
for each addition, the exploring terminals being always at the 
ends Land N. The result is shown graphically by the upper 
eurve in fig. 4, of the plate. The critical points in the curve 
are the results of many separate determinations. The un- 
steadiness of the spark in the vibrator made the determina- 
tions somewhat laborious, though a single series of observations 
would locate a maximum very closely. After this had been 
done, the space of about a meter including the maximum 
point was worked over forward and back; the constancy of 
the spark was assured by choosing a convenient point of 
reference as already described. 

An examination of the curve shows four maxima occurring 
when the sides of the rectangle were 45, 306, 562°5 and 818°™ 


* J. J. Thompson, Recent Researches in Electricity and Magnetism, p. 297. 
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long. The additions of wire for the successive maxima after 
the first were 261, 256°5 and 255°5. These should be half 
wave lengths. The last two agree well, but the first differs 
from the average of the last two (256™) by 5™. The sides 
were fixed at 818, and the wave form tig. 3, of plate was 
obtained, from this the half wave length was found to be 
255°6™, and the total length of the cireuit 7 half wave lengths. 
By fixing the sides of the rectangle at 562°5°™ and 306™ a 
similar investigation showed the circuits to be respectively 
5 and 3 half wave lengths long. 

An explanation of the fact that the distance between the 
first and second maxima was anomalously large may possibly 
be this: for the first maximum the sides of the rectangle were 
but 45°™ long, so that the effect of the closed end was relatively 
great and the maximum appeared earlier than it otherwise 
would, but when the rectangle was 300° long, the influence 
of the closed end became relatively small, and the second and 
future maxima came in the normal positions. Besides in the 
first case the capacity was largely local, while in the others it 
was mainly distributive. This same effect appeared in every 
case and seemed a constant phenomenon. 

The maximum I omitted from the above discussion was not 
constantly present, but appeared when the primary spark was 
especially active, and seems to belong to a circuit whose period 
is to the period of the vibrator in the ratio of 5:3. The 
sides of the rectangle were 127-5 long, and the end capacities 
equivalent to 62 of wire. The half wave length was 30+ 
127°5 X24+62X2=409™. 409+255°6=1°6 nearly. This was 
the only indication observed of the complexity in the vibra- 
tion of the oscillator. It appears that when the oscillation is 
particularly active it can excite a circuit having this ratio to 
itself, or that the vibration is not a simple one. Sufficient 
time was not at my disposal to decide this point which is left 
for future investigation. 

An annealed iron wire (diameter 0°1186™) was put in 
place of the copper and the same series of observations re- 
peated. The results are shown in the lower curve of the upper 
pair in fig. 4 of the plate. The maxima E, F, G, H, appear at 
42°5, 301, 553 and 805°": in each case before the correspond- 
ing maxima with the copper, and the difference is seen to in- 
crease with the length of the circuits. The successive additions 
were 258°5, 252, and 282°. The last two agreeing, but the 
first as with the copper is much larger. With the sides of the 
rectangle fixed at 805, the form of the wave was found as 
shown in fig. 2 of the plate. The third minima occurs at 
740™, Calculated as before the half wave length is 740+15 
= 756, 755+3=251°6™. This agrees well with the value 


¢ 
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252 given above by the last two additions, but differs by 4™ 
from the value found when the copper was used. 

The same series of observations was repeated with a second 
pair of finer wires, diameter of copper wire 0°07836™, diam- 
eter of iron wire 0°0785. The results are shown in the 
lower pair of curves in fig. 4 of the plate. A comparison of 
the curves shows the same general result which appears more 
distinctly from the following table : 


ist Maxima 2d Maxima. 3d Maxima. 4th Maxim. 
Cu. Fe. Difference. Cu. Fe. Difference. Cu. Fe. Difference. Cu. Fe. Diff. 


Upper pair 45 425 25 306 301 5 §62°5 553 95 818 805 13 
Lower pair 40 375 25 300 294 6 552 540 12 799 784 15 


The successive differences should be in the ratio of 1, 3, 5, 7 if 
the theory of the present investigation is correct. The differ- 
ences for the first two maxima are very small, so that the ex- 
perimental error in their determination would be relatively 
large, and in the case of the fourth maximum the damping was 
so great that it was difficult to fix the point with certainty. 
The difference for the third maximum was relatively large and 
the determination of the point was sharp. Taking this differ- 
ence as a point of reference, the calculated and observed values 
are shown in the accompanying table: 


ist Maxima. 2d Maxima. 3d Maxima. 4th Maxima. 
Calcu- Ob- aleu- Ob-  Caleu- Ob- Calcu- Ob- 
lated. served. lated. served. lated. served. lated. served, 
Upper pair 2°5 5 9°5 9°5 13°3 13 
Lower pair 2°4 2°5 72 6 12 12 16°8 15 


The observed half wave lengths for the four series are: 


Copper (diameter 0° 1201°™) 255°6°™ 

Iron (diameter 0° 1186 251°6 
Copper (diameter 0°07836 ) 251°6 

Iron (diameter 0°07850 ) 246°8 


The wires in each pair were as near the same diameter as could 
be found, the iron of the larger pair having slightly the smaller 
diameter, but the copper being the smaller one in the second 
case. In other respects the circuits compared were as nearly 
identical as possible. The capacity per unit length being the 
same for wires of the same diameter, the shortening of the 
wave length when iron displaced copper must be caused by an 
increased self-induction due to the magnetic properties of the 
iron. This implies that the magnetization of iron can be 
reversed 115 million times per second. This reduces the “ time 
lug” of magnetization to very narrow limits, if forees of such 
duration can magnetize the iron. 

In the case of extremely rapid oscillations Prof. J. J. Thomp- 
son has shown (Recent Researches in Electricity and Magnet- 
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2 


2 
ism, § 295) that approximately ¥’°= Lo where a is the square 


of the frequency, and L’ is the self-induction for very rapid 
oscillations, and C the capacity of the system. It is easy from 
this to caleulate an approximate value for the ratio between 
the self-induction per unit length of the iron and copper cir- 
cuits. 
Let L =the self-induction of the copper perf unit length. 


Let C =the capacity of either per unit length. 


Using as a basis of calculation the data from the third maxi- 
F the curves in fig. 4 of the plate, the total length of the 


mum o 

copper circuit (diameter 0°1201™) is: 
= 
The equivalent of the end capacities, 62x2= 124 


1279 


For the iron (diameter 0°1186™) the length is: 


553 X2 = 1106™ 


= 20 
The equivalent of the end capacities, 62x2= 122 


1258 


Since the two circuits have the same frequency the products 
of the self-induction and capacity are equal. 
1258’ L’ C = 1279° LC 


| 
1°034 


In the same manner for 
Copper (diameter 0:08840) L’_ 1.94, 
Iron (diameter 0°08847 ) 


Copper (diameter 0°07836 ) L'_,,. 
Iron (diameter 0°07850 043 


By the use of Lord Rayleigh’s formula for inductance under 
very rapid oscillations, it is easy now to calculate a value for 
the permeability of the iron. 

Lord Rayleigh’s formula is 


uk 
+f 


} 

A 
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where L is the total length of cireuit ; A a constant depending 
only on the form of the cireuit, or 7 A is the inductance of a 
similar copper circuit; ~ the permeability ; R the ohmic resist- 
ance; p=2zn where x is the number of complete oscillations 
per second. 

The value of p=2z7n=36 


R for iron wire (diameter 0° 1186°) =-1328 ohms per meter. 
“ec “ “ 0°08847 997 

For iron (diameter 0°1186™) 


L'=1-034 A 


2pl 
aR 
/uR 
"O34 L=ly 2 pl 


Caleulating the value of L fora similar copper circuit / units 
long, substituting the value in the above equation, and solving 
for the three cases we get 


For the iron wire, diameter 1186°™, “= 430 
“ 008847 389 


These values for the permeability all fall within a reasonable 
limit and have for an average ~=385. These are the values 
found for different specimens of wire made by the same com- 
pany, but the specimens were wound and unwound and 
stretched many times during the series of observations. 

Besides the shortening of the wave length there is shown a 
decided increase in the damping as has already been observed 
by Trowbridge and Bjerknes. In fig. 4 of the plate the curves 
for iron fall below the corresponding ones for copper, but 
owing to the change in the activity of the spark no exact 
measurement was made. It was only observed that the bolom- 
eter throws with the copper circuit were always greater than 
with the iron circuit of the same dimensions, when the spark 
was constant as far as the eye and the ear could judge. 

A value can readily be calculated for the damping factor 

Rt 
¢ in the case of the iron and copper. Lord Rayleigh’s 
formula for the resistance under very rapid oscillations is :— 


Am. Jour. Sco1.—Tuirp Serres, XLVIII, No. 286.—Octoper, 1894, 
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For the iron wire cireuit (diameter 0°1186°™) /=1258; 
p=430; R=1:6%x10°; p= 36X10’ whence R’ = 403 xX 10°. 
L=34x 10". 

The damping factor becomes e~**!0” approximately. 

The time required for the amplitude to fall to one-half its 
maximum value is ¢= 0°000,000,115 sec. On the basis of 
115 x 10° alternations per second, the number of complete oscil- 
lations during this time is 6°5. A like calculation for the cor- 
responding copper circuit gives about 60 times as many. 

he following table shows the results when copper circuits 
are compared in which wires of different diameters are used. 
3d Maximum. 
Copper wire (diameter 0° 1201°™) 562°5°™ 
0884) 
“ 007886) 552°0 
- 903915 ) 534-0 


The half wave lengths calculated from this maximum are : 
Copper (0°01201°) 255°8™ 
(0° 0884 252°2 
 (0°07836 ) 251°6 
 (0°03915 ) 244°8 
These are found by dividing the total length of the cireuit 


by 5. 
535 X 2=1070 length of sides. 


30 “ closed end. 
62X2= 124 equivalent of end capacities. 
1224 


wave length. 


The range of wires suitable for the study of the phenomena 
is rather limited. If the wires have a greater diameter than 
1™ the difference between iron and copper is slight; while 
with wires less than 0°5"" in diameter the damping is so great 
that long wires cannot be used, and the advantage cannot be 
taken of the cumulative effect. . 

I wish to express my great obligations to Professor John 
Trowbridge for the encouragement and suggestions that I have 
received from him. 


Conclusions. 


1. The self-induction of iron circuits is greater than that of 
similar copper circuits under very rapid electric oscillations 
(115 x 10° reversals per second). The change in self-induction 
varies from 3°4 to 4°3 per cent in the present investigation and 
increases with decreasing diameters. ’ 


j 
j 


Williams— Age of Manganese beds of Arkansas. 325 


2. The increase in self-induction produces greater damping 
and a shortening of the wave length of 1-5 to 2 per cent. 

3. The permeability ~ of annealed iron wires under this rate 
of alternation is about 385. 

4. For oscillations of the same period, the wave length along 
parallel copper wires varies directly with the diameter of the 
wires. Range of wires used 0°03915° to 0°1201™. The max- 
imum decrease observed is 5 per cent. 

Jefferson Physical Laboratory, July 24, 1894. 


Art. XLVI.—On the Age of the Manganese beds of the Bates- 
ville Region of Arkansas; by HENRY 8. WILLIAMS. 


THE following quotations from his admirable monograph on 
Manganese* represent the chief points of Dr. Penrose’s inter- 
pretation of the origin and age of the Batesville manganese 


ores. 
The Batesville ores were precipitated, from surface waters 
draining southward from the Archzan region of Missouri. The 
area of precipitation was originally a region of comparatively 
quiet water bounded on either side by rapidly flowing cur- 
rents; this condition allowed the excessive accumulation of marine 
sediments and caused a greater thickness of the St. Clair lime- 
stone than to the east or west; the detritus from the land was 
carried down and mixed with the calcareous materials, the grad- 
ual accumulation of these mixed sediments caused shoals and 
then created lagoons and swamps into which the surface waters 
from the land emptied, and by a process of oxidation and evapo- 
ration deposited the metaliferous matter that they carried in solu- 
tion. (I. ¢., p. 595.) 


The process of formation of the manganese deposits as they 
now exist is supposed by him to have been by the decay, in 
situ, of the St. Clair limestone. 

The deposits of manganese ore in the Batesville region that 
can be profitably worked are not found in place in the limestone. 
[The Cason property excepted]... it is only when the limestone 
or “ gray rock,” as it is commonly calied, has been decayed, the 
carbonate of lime carried off in solution, and the masses of ore 
with the residual clay thus set free and concentrated, that profit- 
able mining can be done. This decay has taken place on an im- 
mense scale, and all the deposits that are being worked, and all 
that have been worked in the past, with the exception of the 
Cason mine, represent such products of decay. (|. ¢., p. 174.) 


*Ann. Rept. of Geol. Surv. of Arkansas for 1890, vol. i. Manganese: its 
uses, ores and deposits, by R. A. F. Penrose, Jr., Ph.D. 
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The age of the St. Clair limestone is described as interme- 
diate between the Trenton and Niagara, based upon the deter- 
mination of fossils made by me. Referring to these identiti- 
cations Dr. Penrose says: 


Fossils collected on Polk Bayou four miles north of Batesville 
have been determined by him as undoubted Trenton forms, while 
fossils from St. Clair Springs, eight miles northeast of Batesville, 
and from elsewhere in the country to the west, are considered by 
him to be intermediate between those of Trenton and Niagara. 
(l. p. 114). 


This quotation indicates the part I had contributed, at the 
time the Report was written, toward determining the age of 
the deposits in question. 

I differed with Dr. Penrose and the geologists of the Arkan- 
sas Survey in holding the opinion that two distinct limestones 
were confused under the name St. Clair limestone. 

Since the year 1890 I have had considerable correspondence 
with the director of the survey Dr. Branner, and with Dr. Pen- 
rose regarding this perplexing question ; and about a year ago 
in order to make certain that the collections were from typical 
localities Mr. T. C. Hopkins, who was stil! in Arkansas, col- 
lected for us a set of test samples from some of the mines par- 
ticularly described in the Report. These I examined, and was 
able as the result of a preliminary study to report about a year 
ago that all of the limestone samples from below the manga- 
nese beds were of Trenton age or older; and that all the lime- 
stone described as St. Clair, but lying above the Manganese 
beds, was of the age of the Clinton-Niagara formation ; and 
that in neither limestone was there confusion of the two 
faunas. Mr. Hopkins referred to this decision in his Report 
on Marbles,* and other references have been made to my inter- 
pretation, but I have not, hitherto, published the evidence 
upon which it was based. 

I have recently re-examined the whole evidence with the 
hope of making a more exact determination of the case, and 
have succeeded to the following extent. 

1. The highest formation underlying the Batesville manga- 
nese beds is a limestone containing a fauna of neodrdovician 
age, about equivalent to that of the Nashville group of Ten- 
nessee or the Cincinnati group of Ohio. This is the lower part 
of the St. Clair limestone of Penrose and may well retain the 
name. 

2. The formation immediately overlying the manganese bed, 
where the rocks are in their original position, contains a fauna 


* Ann. Rept. Geol. Surv. Ark. for 1890, vol. iv, Marbles and other Limestones. 


By T. C. Hopkins. 1893, pp. 213 and 225. 
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of distinct eosilurian age (about equivalent to the Waldron 
fauna of Indiana and the Clinton-Niagara fauna of New 
York). This formation has been heretofore confused with the 
St. Clair limestone of Penrose, but as it is of different geologi- 
eal age it may appropriately receive a distinct name. I pro- 
pose for it the name Cason limestone, in recognition of the 
fact that the two limestones may be clearly distinguished on 
the Cason tract as described in the Manganese Report of Dr. 
Penrose.* 

The samples of ore from the Cason mine are in a calcareous 
shale immediately underlying the Cason limestone and are of 
special interest because of the evidence that the deposit is in 
its original position and condition. Not only is there no indi- 
cation of decay of the rock but the concretions found in the 
rock are flattened and their long axes now lie in the plane 
of the stratification. In the section of the O’Flinn mine the 
ore appears also to be in its original position between the two 
limestones. 

The following figure will illustrate the facts as they are here 
explained and the way in which they contrast with the inter- 
pretation given in the Manganese Report of Dr. Penrose. 


Bn.» Boone chert. 
— Sylamore sandstone. 
Eureka shale. 
Cason limestone. 


} 
st. Chair limestone. st. Clair limestone 

bd 

| 

J 


= ' of Penrose. 
—__—-, 
B. =, : Cason shale. 
A. | Iz. Izard limestone. 
oa 


The Izard limestone (A) is probably correct as it stands in the 
Reports. Over the Izard limestone lies the St. Clair limestone. 
As described in the Annual Reports up to 1890, the St. Clair 
limestone includes all the strata between the Izard below, and 
the Boone chert of the east, or, further westward, the Syla- 
more sandstone, or, in the western part of the State the 
Eureka shale, above. 

According to the interpretation required by the fossi] faunas 
this “St. Clair limestone” must be separated into three forma- 
tions. The lowest division (B) is that part of the St. Clair 
limestone of the Reports lying below the manganese horizon. 


* Ann. Rept. Ark., 1890, vol. i, Manganese, p. 124, ete. 
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The name St. Clair limestone can be retained for only this 
lower part lying below the manganese deposit. When I made 
the identification referred to in the Report it was not clear to 
any of us what different relations the manganese deposits bore 
to the two limestones which I interpreted by these fossils to be 
of different age. The reference made to the identification of 
the upper limestone as “intermediate between Trenton and 
Niagara” was based upon the judgment as to the age of a single 
species,—Spirifer radiatus Sow., var. near that described by 
Hall from the Clinton group near Louisville, Ky.* Compari- 
son of the specimens with it and with typical forms from the 
Niagara suggested that the Arkansas form was of a still earlier 
horizon than that of the specimens from Kentucky. 

3. Later studies have conclusively shown that, in all the 
cases described of which I can get any information, the manga- 
nese beds lie either upon this restricted St. Clair limestone, in 
hollows in it, or in hollows in the underlying Izard limestone. 
I have seen no specimens of this limestone containing manga- 
nese in which there is not indication of the manganese having 
been deposited in cracks or cavities or on the surface of fossils 
after the limestone was formed. 

4, The second division (C), which I have named the Cason 
shale, lies immediately upon this St. Clair limestone or some 
lower rock, and at the Cason mine it is a stratified shaly caleare- 
ous deposit with concretionary masses of the manganese in the 
rock, flattened in the plane of the stratification as above stated, 
and undoubtedly in place as originally deposited. There are 
also, according to Dr. Wolff, rounded and angular fragments 
of quartz, feldspar and mica in this shale. (I. ¢., p. 170.) In 
the more calcareous layers a few minute fossils have been de- 
tected, indicating the beginning of the fauna of the overlying 
limestone. The same fauna is found in samples from the 
O’Flinn mine. These two mines are the exceptional cases in 
which Dr. Penrose finds the ore in place. The position, con- 
dition and fossils of this Cason shale are evidence that the 
original accumulation of the manganese-bearing ore was made at 
an age later than that of the formation of the St. Clair limestone. 

5. Above the Cason shale, at the typical locality on the 
Cason tract is seen in place a hundred ora hundred and ten 
feet of limestone capped above by the chert ; and “ the ore-bear- 
ing stratum runs under the limestone” as described by Dr. 
Penrose.t This limestone, which I have ealled the Cason 
limestone, contains the pure eosilurian fauna, equivalent to 
the Waldron fauna of Indiana, or to the Clinton-Niagara 
fauna of New York, as shown by specimens collected by Mr. 


* 27th Regent’s Report on State Museum, Albany, p. 196. 
+ Manganese Report, p. 220. . 
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Hopkins from immediately above the manganese deposit and 
from about one hundred feet above. The seve of this lime- 
stone is now being studied. Over seventy species have already 
been detected; over twenty species are identical with Waldron 
species. Among the rare forms may be mentioned Streptis 
gray?, which has not, so far as I can learn, been hitherto re- 
ported from American rocks. 

6. From this description, it will be noticed that a line of un- 
conformity, or at least an interval of erosion and cessation of 
deposits, separates the top of the St. Clair limestone from the 
base of the Cason shale. 

This interpretation of the facts involves the following revis- 
ion of the view advanced by Dr. Penrose in the Manganese 
Report already mentioned. 

he breaking up of the St. Clair limestone of the Report 
into three members. (A) a lower limestone of neodrdovician 
(Trenton) age for which the name St. Clair limestone in restricted 
sense may be retained ; (B) an overlying irregular shale, con- 
taining the deposit of manganese, separated from the former 
by a line of erosion and unconformity, and of eosilurian (early 
Niagara) age and here named the Cason shale; and (C) an 
upper member, a limestone of at least one hundred feet thick- 
ness in the Cason tract containing a pure eosilurian fauna, 
called the Cason limestone. The settlement of the age of the 
original manganese deposits seems further to require the 
abandonment of the theory that, the present masses of ore are 
derived from decay of the St. Clair limestone, because the ore, 
when found undisturbed in place as originally deposited, is not 
only of later age than the St. Clair limestone, but was evidently 
formed after that terrane had been elevated above the surface, 
eroded and again depressed, thus separating the two by a line 
of unconformity. The general principle set forth in the quo- 
tation at the opening of this paper regarding the mode of 
original accumulation of the magnanese is not questioned, 
but the facts above cited give a simpler means of explaining 
the accumulation in the position where it is, i. e.: the sink- 
ing of the terrane from a position of elevation above sea level, 
the accumulations taking place during the stage of shallow 
waters and swamps. When the depression was greater the 
manganese deposit ceased to appear in the deposits. 


The close resemblance between Orthis elegantula, which 
is abundant in the Waldron fauna, and Urthis testudinaria of 
the Trenton and Cincinnati faunas, suggests the importance of 
stating the reasons for the belief in the ordovician age of the 
lower limestone as seen at Polk Bayou, the Trent mine and 
the O’Flinn mines, where it is a pink or purple marble often 
containing manganese. 
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At the Polk Bayou locality four collections are in my hands : 
one made by Dr. Branner marked (74/13), second, specimens 
collected by myself from the same cliff, with Dr. Branner and 
Dr. Penrose (1235A),* third, a collection made by Mr. Weller 
(1235A’) from the light colored limestone below A, and B’ 
from a ledge of the same color up the creek a quarter mile, 
and the fourth made by Mr. T. C. Hopkins. 

The purple marble (A) contains great numbers of the 
Orthis (Dalmanella) testudinaria, which I so identify; it 
also resembles QO. elegantula of the Niagara. Davidson states 
in his description of O. elegantula that he has found well char- 
acterized examples of O. elegantula in rocks of both lower 
and upper Silurian age.t 

It also contains the following species : 


Rhynchonella capax. 

Leptwna (Plectombonites) sericea, of the typical lower Silurian 
type. 
Orthis (Dinorthis) pectinella. 
Strophomena (Raphinesquina) alternata. 


This is the typical manganese-stained limestone called St. 
Clair limestone by Dr. Penrose. 

In the lower beds not so stained, but yellowish white or 
occasionally pinkish, A’ of Weller’s section, are seen the same 
Orthis, called O. testudinaria, the same type of Leptena, 
called LZ. sericea, Rhynchonella capax, Strophomena alternata 
and also unmistakable specimens of Orthis (Platystrophia) 
biforata, of the laticosta type, and other species which taken 
together leave no doubt as to the Ordovician (Trenton-Hudson 
River) type of the fauna. 

In the other limestone (B of Weller’s section), are the speci- 
mens of Phynchonella capax and what appears to be the eye 
and part of the cheek of a large Asaphas gigas. 

This seems to leave no question as to the age of the lower 
limestone. 

The Rhynchonella of the “Rhynchonella beds” of the 
O’Flinn mine is the /. capax ina similar limestone as 1235A’ 
of the Polk Bayou section. 


The proof of the age of the upper limestone is found in the 
following species : 

Spirifer radiatus. The type seen in the Clinton group near 
Louisville. Pl. 9, figs. 17, 18, and 19 of the 24th Regent’s Re- 
port, Albany, published first with the 27th Report. 

L. (Plectambonites) transversalis var. elegantula Hall (see 
Foerste’s fig. 6, pl. 17, vi, B. S. N. H. xxiv.) 

* Locality number of collections of the United States Geological Survey. 
+ Brit. Foss. Brac., IIT, p. 212. 
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Strophomena (Leptena) Dalmanites limulurus. 
rhomboidalis. Encrinurus phlyctainoides, 

Meristina nitida. Tilenus ioxus. 

Cornulites proprius. Lichas breviceps. 


Calymene niagarensis. Streptis grayi and others. 

The linking of the manganese deposit with this fauna is by 
the species Leptena (Plectambonites) transversalis of the va- 
riety clegantula, tigured by Foerste (see reference above) 
and presenting also the characters previously figured and de- 
fined by Davidson, after Angelin as Leptena segmentum Ang. 
(Brit. Foss. Brac. vol. iii, Pl. xlviii, figs. 28-30.) This spe- 
cies is from the Wenlock and Dudley. But when we look at 
the specific peculiarities we find the same characters in a 
slightly moditied form in the Leptena quinquecostata McCoy, 
of the Bala and Caradoc. (See same plate, figs 23-27.) 

The association of species in either of our faunas is sufti- 
ciently distinct to indicate a change of faunas during the in- 
terval separating them, but when we examine each species 
and note its already recorded range we are struck with the 
number of species which have been recorded from both lower 
Silurian (Ordovician) and upper Silurian rocks. The lower 
Llandovery fauna of Europe, and the Clinton with us, have 
referred to them species which were first seen in the lower 
rocks. And the Anticosti limestone is another case, present- 
ing a mixture of the species generally found either at lower or 
at higher horizons. The study of the fossils indicates there- 
fore that the manganese ore is (@) associated with deposits of a 
particular age, (b) at an horizon which is definite in the sec- 
tions examined, (ec) between two limestones containing two 
distinct faunas, (d) the lower one of which contains Ordovician 
species of which almost every species has been reported in rare 
cases, here and there, in deposits which have been called upper 
Silurian in age. (¢) On the other hand, the fauna of the upper 
limestone, while it contains an unmistakable upper Silurian 
fauna, contains a few species which have been reported from 
lower Silurian horizons. 

The locating of the age of the deposit of manganese near 
to that represented by the Clinton of New York points to the 
wide spread influence of the disturbance which closed the 
sedimentation of the Ordovician (lower Silurian) for North 
America. The elevation which left the Cincinnati axis above 
sea level, affected the faunas of the Arkansas region less be- 
cause further removed from large masses of land, and the 
faunas above and below the interval differ less, as may be sup- 
posed, because the ocean was near at hand, not more than a few 
hundred miles, when the elevation was at its extreme. 
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Art. XLVIL.—TZhe Present Status of High Temperature 
Research ; by Cart Barus. With Plate X. 


1. Preliminary.—Some time ago* I adduced reasons for 
supposing that the electromotive force, ¢, of a thermocouple, 
can be expressed by an equation of the form ‘ 

(1) 
where P, Q, P', Q', are constants, 9 denotes temperature, and 
where ¢ is zero, when 6 = 4. I wish now to test this equation 
by the aid of data formerly foundt in direct comparisons of 
the iridioplatinum thermocouplet with the porcelain air ther- 
mometer, and therewithal to exhibit the degree of accordance 
of known results in the region of high temperature. 

Inasmuch as ¢ must pass either through a maximum or a 
minimum, Q@ and @' must have different signs; for 6,,, the 
temperature of this point, is ° 

log (— @/ @') — — P) 
when the sign connecting the two terms in (1) is positive. 

2. First extreme case.—The simplest form which the above 
equation takes is the catenary, and it is interesting to note in 
what respect this curve falls short of reproducing the experi- 
mental results. Taking therefore the equation y = & cos hyp 
a /k, it is necessary to shift the vertex to the position (— a, 
— k') in order that the curve may pass through some fiducial 
point near the origin; or in other words, that the electromotive 
force may be zero when the hot junction has the stated tem- 
perature of the cold junction. The equation then becomes 
e+k+k' =k cos hyp (@+ a)/k, where ¢ is the electromotive 
force for the temperature @ of the hot junction, % the constant 
of the catenary, and where (— a, — #') are the codrdinates of 
the vertex or the position of the thermoelectric minimum. In 
the absence of suitable tables it is then possible to find the 
constants involved by actually usiag a chain in connection with 
a carefully constructed and mounted chart of results. For if 
e+k+k' =y, then the length of the are from the vertex to 
the end of the ordinate ¢e is s = Vy’ — kh’; and therefore since 
aand k' are obtained by direct measurement, & can be computed 
from the measured length s of the are or chain in question. 

Constants so obtained are of course approximate and they 
must be improved by successive trials. Doing this I found for 


> 


* This Journal, xlvii, p. 366, 1894. + § 4. 
¢ One metal containing about 20% of iridium, the other being soft platinum. 
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the 20% iridioplatinum-platinum couple, when electromotive 
forces are expressed in units of 10 microvolts, 


a = 2160, 
k'= 985, 
k = 2560, 
values which may be accepted for the time being, though they 
are by no means the best obtainable. 

Above 500° this curve will then be found in remarkably 
good accord with the observations, § 4. Below 500° degrees, 
however, the agreement is less good, and the computed values 
lie as much as 10° above the observed values. Indeed to fully 
express the case one would have to use a string which grows 
successively heavier per unit of length towards the vertex ; i. e., 
one would have to introduce another parameter conformably 
with the occurrence of two metals in the thermo-couple. It is 
difficult to reach this case practically. 

Anticipating §§ 5 and 6, however, I may state that the cate- 
nary takes a mean course (above 500°) between the extreme 
curves there given. 

3. Second extreme case.—Waiving the symmetrical method 
of finding suitable constants in equation (1), one may proceed 
by a process which is nearly the converse of this, and compute 

first, and thereafter add the second term 

in accordance with the insufficiencies of equation (2). This 
may be done preferably with a table of Gaussian logarithms, 
by the aid of two pairs of observed data, when the thermal 
distance apart of each pair is the same. For in Gauss’s tables 
pairs of values of A and B for two numbers a and 4, are tabu- 
lated so that 

B= log a — log +, 

A = log (a — b) — log 4. 


If therefore for four temperatures 0, 6’, @,, where 0’ = 
6,— @’,, e, be eliminated from equation (2), the values B and 
A will take the form 


B=Q (6-6, B,=Q (8, 

A= log (e—e’) —(P+ <A, =log (e,—e',) —(P+ Q6,). 

But sinee B= B,, A=A,. Hence, as is otherwise evident, 
@ = log — /(e, —€,)) /(@ — 9). 

Q being given, B is given, and therefore A can be found from 


the tables so that P is known. Finally e, may be found from 
the equation (2). 
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Having found the constants of equation (2), the values of 
the second term of (1), 
+ 
which now merely expresses the shortcomings of (2), may be 
found by the same process. But in this case inspection will 
usually suftice. 

From this point it would then be desirable to proceed in 
such a way as to give the two terms of equation (1) (second 
member) individual importance in their relation to the two 
metals of the couple; but as my present purposes are sufti- 
ciently met by the above constants t will not enter further into 
the work of finding characteristic parameters for each metal. 

4. Observations.—To test the equations given I have made 
use of direct comparisons of the 20¢ iridioplatinum thermo- 
couple and the porcelain air thermometer published in my 
Report on high temperature measurement,* and referring to an 
interval of temperature between about 350° add 1100°. Virtu- 
ally the calibration is made determinate by observations of the 
boiling point of zinef taken at 930°; for although the air 
thermometer is based wholly on independent volume measure- 
ments, and although the boiling points of both mercury and 
sulphur are well reproduced in the lower part of the curve, I 
do not derive much assurance from this without having quite 
eliminated the stem error in a way which I hope soon to 
describe. 

A second series of measurements, made more recently, is 
contained in the following table. Here the electromotive force 
€, in microvolts, while the cold junction is kept at 20° C., is 

iven for a series of known melting and boiling points due to 

egnault (Hg’ and S’) to Deville and Troost, (Zn’), to Troost 
(Se’), to Violle (Zn’, Ag, Au, Cu, Pd, Pt) to LeChatelier (Al, 
Zn inferred), to Carnelley and Williams (Cd’, Ni, Se’ inferred). 
Accents denote boiling points. References will be found in 
the Bulletin cited. 


MELTING POINTS. BOILING POINTS. 
Substance. Temperature. Substance. Temperature.  é20. 
455° 4260 Mercury 357° 3466 
Aluminum - 625° 7090 Sulphur... 448° 4580 
Silver ....- 954° 11960 Selenium 685° +850 
1045° 13520 “ior * 
Copper 1054° 13585 760° 
Nickel... 1450° 19630 Codmiam.; 903: 
Palladium_. 1500° 21430 Zinc ...... 930° 11105 
$ O ° 
Platinum .. 1775 24470 1100° 18930? 
{ 1500 
Water 100° 680 


* Barus: Bull. No. 54, U. S. Geolog. Survey, Washington, 1889, pp. 226-227. 
+See § 6. 
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The platinum melting point merely refers to the fusion of 
the junction of the couple and is not very reliable. Metals 
whose boiling points show wide margins, like cadmium, are 
found by Carnelley’s interpolation methods. Troost’s Se’ at 
665° is probably too low. 

5. Constants.—Applying the methods of § 3 to the air ther- 
mometer referred to in the preceding paragraph, the following 
mean results are available for the computation : 


3950 microvolts. 


6 = 400°C. 
= 600° = 6560 
6 = 800° e = 9310 
= 1000° e’, = 12200 
and from low temperature work, 
0 €,,= — 150 
100 + 680 
200 1650 
300 2760 


The constants corresponding to these values as a whole are 


Applying the same method to the data given in the above 
table, the following values are available in addition to the low 
temperature data just mentioned. 


6 = 357° (Hg’) e = 3466 microvolts. 
6, = 457° (near S’) e, = 46290 
@ = 954° (Ag) = 13960 
6’, = 1054° (Cu) e’, = 13585 


The constants deduced are then 
(4) 4 23376 + + 107-76 2009016 


Both equations (3) and (4) are given graphically in the 
accompanying chart, the former (the lower of the two curves), 
with all the observational data inserted. The abscissz are 
temperatures in hundreds of degrees centigrade, and the ordin- 
ates electromotive forces, in thousands of microvolts. Hori- 
zontal lines drawn across the curves show the electromotive 
forces found by special experiments for the divers melting and 
boiling points of the metals marked on the line, the latter 
points being distinguished by accents. For points marked # 
see next paragraph. 

6. Conclusion.—According as the one or the other of these 
curves is taken, the following sets of values are reached. In- 
terpolations are made graphically with an accuracy of a few 
degrees. 
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MELTING POINTS. BOILING POINTS. 
Substance. Equation (4). Equation (3). Substance. Equation (4). Equation (3). 
420° 420° Mercury .. 357° 357° 
Aluminum. 635° 638° Sulphur... 446° 446° 
Silver. 956° 986° Selenium... 687° 694° 
1048° 1091° Cadmium. 770° 782° 
Copper -.. 1054° 1096° ...... 905° 929° 
Nickel .... 1382° 1476° Bismuth 1346° 1435° 
Palladium. 1472° 1585° 
Platinum... 1614° 1757° 


With regard to preferences in choosing between these two 
curves there is, at present, little opportunity for discretion. 
The lower temperatures are determined by the melting points 
of silver, gold and copper, systematically investigated by 
Violle; while the higher temperatures are in accordance with 
the boiling point of zine as found by Deville and Troost, 
Violle, Mensching and Meyer, and in a measure by myself, 
some of the researches being remarkably elaborate. As is 
usual in such cases, the truth is to be sought somewhere 
between the extremes; and thus one finds in the recent work 
of Holborn and Wien* at the Reichsanstalt that silver, gold, 
and copper melt at 970°, 1082° and 1070° respectively ; or at 
temperatures 16°, 25° and 28° higher than given by Violle. 
These points are indicated by the letter # in the chart and 
they lie quite within the limits indicated by the two curves. 
It will be seen too, that if I were to neglect outlying stragglers 
in my data at very high temperatures, where measurements are 
made under increasing difficulties, my results could be nearly 
reconciled with those of Holborn-and Wien. 

The purpose of this paper, however, is to show in a system- 
atic way that to clear away the anomalies now existing in 
high temperature data either the boiling point of zine must 
come down from 930° to 905°, or else the melting points of 
silver, gold and copper must move up 30° to 40°, or both must 
move towards each other by corresponding amounts. I hope 
myself to make some contributions toward a solution of these 
discrepancies. 

I desire in conclusion to express my indebtedness to Prof. 
Alexander Graham Bell, by whose generosity I have in the 
past year, materially profited. 

Washington, July, 1894. 


* Holborn and Wien: Berl. Acad., June, 1892. 
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Art. XLVIII.— The recent eruption in the Crater of Kilauea ; 
by L. A. THurston. (From the Pacific Commercial Ad- 
vertiser, July 23, 1894.) 


THE great lava lake in the southern extremity of Kilau2a, 
Halemaumanu, has been steadily rising since the last great ois- 
charge in March, 1891, when an area 2500 feet long by 2000 
feet wide sunk in one night a distance of over 500 feet. 

The rising and overflowing of the lake filled this pit last fall. 
Since that time the activity of the lake has been intense, as 
many as twenty-three overflows of liquid lava having taken 
place in a single day, and the walls surrounding the lake have 
been rapidly raised by continued overflows. 

Accurate measurements of the lake were made by Mr. F. E. 
Dodge of the Survey Department in August, 1892, and March, 
1894. He has recorded in the Voleano House book the result 
of his observations, as follows: 

“In August, 1892, the outer rim of the pit surrounding the 
lake was 282 feet below the level of the Volcano House. 

“ The surface of the lake was 240 feet below this line. 

“In March, 1894, the surface of the lake was 207 feet above 
this line, making a rise of 447 feet in nineteen mouths. 

|The profile view of the lake at the two periods is shown by 
figure 1.] 


K 240 


Fig. 1; A B, surface of lake, Aug. 1892; C D, rim of pit in 1891, when its level 
was 280 ft. below volcano house; E F, surface of lake, March, 1894. 


“The area of the lake was somewhat larger in 1894 than in 
1892, being 1200 feet long by 800 wide.” 

Upon arriving at the voleano on July 5, 1894, the principal 
change since Mr. Dodge was there was found to be the sudden 
rising of the north bank of the lake, covering an area of about 
800 feet long by 400 wide, which, on the 21st of March last 
was suddenly and without warning elevated to a height of 80 
feet above the other banks and the surface of the lava, the lake 
being then full. ; 
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The raised area was much shattered, and two blowholes 
shortly afterward made their appearance on the outer line of 
fracture. 

On the 18th of April the hill thus formed began to sink, 
and on July 5th was only about 30 feet above the other w: alls 
of the lake. 

On the evening of the 6th of July a party of touriets found 
the lake in a state of moderate activity, the surface of the lava 
being about 12 feet below the banks. 

On Saturday, the 7th, the surface of the lake raised so that 
the entire surface was visible from the Voleano House. That 
night it overflowed into the main crater, and a blow-hole was 
thrown up some 200 yards outside and to the north of the lake, 
from which a flow issued. There were two other hot cones in 
the immediate vicinity which were thrown up about three 
weeks before. On Sunday, Monday and Tuesday, July 8th, 
9th and 10th, the surface of the lake rose and fell several times, 
varying from full to the brim to 15 feet below the edge of the 
banks. 

The profile view of the lake on Tuesday night, July 10th, 
was approximately as shown in figure 2. 


2 
A B 


Fig. 2; A B, surface of lake, July 10, 1891; C and D, blow holes. 


On the morning of the 11th the hill was found to have sunk 
down to the level of the other banks, and frequent columns of 
rising dust indicated that the banks were falling in. At 9:45 
A. ML. at which hour a party reached 
the lake, a red hot crack from 3 to 6 ae 


feet wide was found surrounding the ,"Hiu PN 3 
F409 

space recently oceupied by the hill; 

the hill was nearly level ; the lake had ° LAKE qt 


fallen some 50 feet, through the es- = >}--- 
cape of the lava by some subterranean 
passage, and the wall of the lake formed by the hill was falling 
in at frequent intervals. The outline of the lake at this time 
was as in figure 3. 

The lava in the lake continued to fall steadily, at the rate of 
about 20 feet an hour from 10 o’clock in the morning until 8 
in the evening. At 11 A.M. the area formerly occupied by 
the hill, marked A, A, A, in the diagram, began to sink bodily, 
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leaving a clean line of fracture; the line of this area, marked 
B, B, B, was continuously leaning over and falling into the 
lake. From about 12 until 8 in the evening there was scarcely 
a moment when the crash of the falling banks was not going 
on. As the level of the lake sank, the falling rocks of the 
banks, undermined by the escape of the lava, caused a constantly 
increasing commotion in the lake as they struck the surface of 
the molten lava in their fall. A number of times a section of 
the bank from 200 to 500 feet long, 150 to 200 feet high, and 
20 to 30 feet thick would split off from the adjoining rocks, and 
with a tremendous roar, amid a blinding cloud of steam, smoke 
and dust, fall with an appalling down plunge into the boiling 
lake, causing great waves and breakers of fire to dash into the 
air, and a mighty “ground swell” to sweep across the lake 
dashing against the opposite cliffs like storm waves upon a 
lee shore. 

Most of the falling rocks were immediately swallowed up by 
the lake, but when one of the great downfalls referred to occur- 
red, it would not immediately sink, but would float off across 
the lake, a great floating island of rock. At about 3 o’clock 
an island of this character was formed, estimated to be about 
125 feet long, 25 feet wide, and rising 10 to 15 feet above the 
surface of the lake. Shortly after, another great fall took 
ye the rock plunging out of sight beneath the fiery waves. 

ithin a few moments, however, a portion of it, approximately 
30 feet in diameter, rose up to an elevation of from 5 to 10 
feet above the surface of the lake, the molten lava streaming 
off of its surface, quickly cooling and looking like a great rose- 
colored robe, changing to black. These two islands, in the 
course of an hour, floated out to the center and then to the 
opposite bank. At 8 in the evening they had changed their 
appearance but slightly. They had disappeared the next 
morning. 

About noon the sinking lava disclosed the fact that the small 
extension at the right of the lake was only about 80 feet deep, 
and it was soon left high and dry, simply a great shelf in the 
bank, high up above the surface of the lake. As the lava sub- 
sided, most of the surrounding banks were seen to be slightly 
overhanging, and as the ieee support of the molten lava was 
withdrawn, great slices of the overhanging banks on all sides of 
of the lake would suddenly split off and fall into the lake beneath. 
As these changes took place the exposed surface, sometimes 100 
feet across and upward, would be left red hot, the break, evi- 
dently having taken place on the line of a heat-crack which 
had extended down into the lake. 

About 6 o’clock the falling bank adjacent to the hill worked 
back into a territory which, below 50 feet from the surface, 
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was all hot and in asemi-molten condition. From 6 to 8 o’clock 
the entire face of this bluff, some 800 feet in length and over 
200 feet in height, was a shifting mass of color, varying from 
the intense light ‘of molten lava to all the varying shades of 
rose and red to black, as the different portions were successively 
exposed by a fall of rock and then cooled by exposure to the 
air. During this period the crash of the falling banks was 
incessant. Sometimes a great mass would fall forward like a 
wall ; at others it would simply collapse and slide down making 
red hot fiery land slides; and again enormous bowlders, as big 
as a house, singly and in groups, would leap from their fasten- 
ings and, all aglow, chase each other down and leap far out 
into the lake. 

The awful grandeur and terrible magnificence of the scene 
at this stage are indescribable. As night came on, and yet hot- 
ter recesses were uncovered, the molten lava which remained 
in the many caverns leading off through the banks to other 
portions of the crater, began to run back and fall down into 
the lake beneath, making fiery cascades down the sides of the 
blaff. There were five such lava streams at one time. 

The light from the surface of the lake, the red hot walls and 
the molten streams lighted up the entire area, bringing out 
every detail with the utmost distinctness, and lighted up a tall 
column of dust and smoke which arose straight up. During 
the entire period of the subsidence the lava fountains upon the 
surface of the lake continued in action, precisely as though 
nothing unusual was taking place. 

Although the action upon the face of the subsiding area was 
so ter rific, that upon the portion between the falling face 
and the outer line of fracture was so gradual that an “active 
man could have stood on almost any portion of it without 
injury. Enormous cracks 20 to 30 feet deep, and from 5 to 10 
feet wide, opened in all directions upon its surface, and the 
subsidence was more rapid in some spots than in others, but in 
almost all cases the progress of the action was gradual, although 
the shattered and chaotie appearance of the rocks made it look 
as though nothing but a tremendous convulsion could have 
brought i it about. 

Another noticeable incident was the almost entire absence of 
sulphurous vapors, no difficulty in breathing being experienced 
directly to leeward of the lake. 

At 8 o’clock p. M., when the party left the lake, its profile 
was approximately as shown in figure 4. 

At 9 o’clock the next morning the lake was found to have 
sunk some 20 feet more; the banks at the right and left of the 
subsiding area, which had been the chief points of observation 
the day before had disappeared into the lake for distances vary- 
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ing from 25 to 100 feet back from the former edge, and the 
lower half of the debris slope had been swallowed up in the 

lake, disclosing the original smooth black wall of the lake 
beneath at a considerable overhanging angle, making the pro- 
tile of the lake approximately as in figure 5. 


Fig. 4, Profile view of the lake, July11, 1894; A B, extreme outer margin; C D, 
inner margin; EK F, surface of lake, 8 p. M., July 11: C K, debris slope. 
Fig. 5, Profile at 9 a. M., July 12; C G, debris slope; G HK, solid rock. 


At the level of the lake and half-filled by it was a great cav- 
ern extending in a southeasterly direction from the lake. The 
dimensions were apparently 75 feet across and 15 feet from the 
surface of the lake to the roof of the cave. It could be seen 
into from the opposite bank for about 50 feet. This may have 
been the duct through which the lava had been drained, 
although it manifestly was not at the bottom of the lake, for 
up to July 16th, that had continued to rise and fall from 5 to 
10 feet a day, and constantly threw up fountains, somewhat 
more actively than before its subsidence. The entire area of 
subsidence is estimated to be a little less than eight acres, about 
one-half of which fell into the lake. 

While the discharge was taking place there were many 
slight tremors of the banks, generally resulting in the precipi- 
tate retreat of the observers from the edge, but although the 

danger was great the spectacle was so grand and fascinating 

| that the party returned again and again to watch it. 

At the Volcano House two slight earthquakes were felt on 
the afternoon of the 11th and one vigorous one at 2 A. M. on 
the 12th. During the week several slight shocks were felt in 
the town of Hilo, thirty miles away, although none were felt 
at Olaa half-way between, nor at Kapapala, fifteen miles in the 
opposite direction, although the latter is a place peculiarly sus- 
ceptible to earthquakes. 

This is believed to be the first discharge of Kilauea in the 
presence of observers, those prior to 1868 being before the 
establishment of the Voleano House, and those of 1868, 1886, 
and 1891 and several minor ones, all having taken place at 
night when no one was present. 
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Art. XLIX.—On Solutions of Metallic Silver ; by 
M. Carey Lea. 


THE solutions of metallic silver which I have described in 
previous numbers of this Journal are all colloidal. Since pub- 
lishing those papers I have examined all the varieties with the 
result that none of them will pass through membranes. One 
of these forms of silver solution, that obtained by the action 
of ferrous citrate has also been examined by Mr. Prange and 
by Dr. Barus with the same result. 

The silver solutions are colloidal. But as to whether they 
are polymerized seems doubtful. Polymerized substances 
have this property in common that they are more indifferent 
than the same substances in their ordinary molecular condition. 
Now all the varieties of allotropie silver including the soluble 
form are more easily oxidized and chlorized than is silver in 
its ordinary form. This does not look like polymerization. 

These colloidal solutions of silver are at the least as perfect 
as those of any other perfectly soluble colloidal substance. A 
good way of testing for perfect solubility is to observe the 
liquid under a skylight, letting the incident light make a right 
angle with the line of view. Many substances which viewed 
by transmitted light are not only transparent but brilliantly 
clear, when examined in the manner just mentioned show 
unmistakable turbidity. 

The solutions of silver stand this test perfectly. This exper- 
iment seems to disprove the conclusion arrived at by Drs. Barus 
and Schneider that this form of silver is not allotropie but 
ordinary silver in a state of very fine division. (Zeitschrift 
fiir Physikalische Chemie, viii, 298.) When carefully made 
they are also very permanent. I have some silver solution 
made by the action of alkaline hydroxide and dextrine which, 
after three years standing, is still strongly colored. A consid- 
erable part of the silver has separated but as this separation 
has taken place in the form of bright white metallie silver and 
has occurred where the light was strongest (the bottle having 
stood on a table in a well lighted room) the change seems to 
have been due principally if not wholly to the action of light. 

This solution thus maintained so long seemed to afford an 
opportunity for the rigorous determination of its colloidal 
nature. Placed in a dialyzer at the end of two weeks not a 
trace had passed through. 

These results seem to lead to the conclusion that the silver 
solutions are colloidal and yet of a very perfect character inas- 
much as they will bear the same tests for absolute transparency 
as solutions of erystalloids. 
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Arr. L.—A Gigantic Bird from the Eocene of New Jersey ; 
by O. C. Marsa. 


A very large extinct bird, about the size of an Ostrich, 
and apparently allied to that group, is indicated by a few 
remains now deposited in the Yale Museum. These fossils 
are in good preservation, and were obtained by the writer 
several years since in the upper marl beds, of Eocene age, 
near Squankum, N. J. The most characteristic specimen, a 
first phalange of the third digit of the right foot, is represented 
half natural size in the accompanying figures. 
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Phalange of Barornis regens, Marsn; half natural size. a, front view; 


b, side view ; c, top view; d, bottom view. 


In comparing this specimen with the corresponding bone of 
the existing Ostrich, the shaft is found to be more slender, less 
constricted, and straight in front, rather than concave. The 
upper end, also, is more rounded in outline. The lower end 
has a distinct groove, dividing the articular surface into nearly 
equal parts. This groove is not seen in the recent Ostrich, but is 
present in Déinornis. It indicates a ridge on the opposing 
face of the second phalange, as in the feet of many living birds. 
These characters, well shown in the above figures, appear 
distinctive, and indicate, among the early Struthious birds, a 
new form which may be called Barornis regens. Its nearest 
allies will probably be found in Diatryma, and Gastornis, from 
essentially the same geological horizon. 
Yale University Museum, New Haven, Conn., Sept. 20. 1894. 
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SCIENTIFIC INTELLIGENCE. 


I. CHEMISTRY AND Puysics. 


1. On a new Gaseous Constituent of the Atmosphere.—At the 
recent meeting of the British Association at Oxford, Lord 
RaYLeicuH announced that in conjunction with Professor Ramsay, 
he had succeeded in isolating from atmospheric air a new gaseous 
substance. His experiments on nitrogen had shown that the 
density of this gas varied considerably according to the source 
from which it was obtained. Supposing this to be due to a 
variable mixture of some other and unknown gas, he added to 
the air an excess of oxygen and passed through it an electric 
discharge. The density of the nitrogen gradually increased and 
finally reached 19°8. Ramsay operated by removing the oxygen 
from air and then passing the nitrogen over heated magnesium, 
which was thereby converted into nitride, leaving a residual gas 
having a density of 20°8. It is thus more inert than nitrogen. 
It exists in the air to an amount of one per cent and has some 
peculiarities in its spectrum. Its elementary character is yet in 
doubt, Professor Dewar suggesting that it may turn out to be 
an allotropic form of nitrogen. G. F. B. 

2. Die wissenschaftlische Grundlagen der analytischen Chemie; 
by W. Ostwatp, Leipsic (Engelmann), 1894. 12mo, viii+187 
pp. Price 4 marks.—The appearance of each new work by 
Professor Ostwald causes astonishment at the remarkable fertility 
of his pen. The present book is an elementary treatise on ana- 
lytical chemistry, written especially from the standpoint of the 
new theories of solutions. A very clear exposition of the theory 
of ions and the laws of chemical equilibrium is given, and from 
these some general laws and rules, applicable to chemical analysis, 
are derived. These rules are suggestive and they give a satis- 
factory explanation of certain well-known facts which heretofore 
have been somewhat empirical. The larger part of the book is 
devoted to a systematic classification of the ordinary analytical 
operations, and to a description of well-known methods. It 
must be said that not all of the latter are the most recent or the 
best of their kind, but the intention of the author has not been 
to furnish instruction to beginners, but to give an example of his 
method of treating the subject, based on the idea that nearly all 
analytical reactions are ion reactions. 

The author criticizes the usual practice of inorganic analysts, 
of giving results in terms of metallic oxides and acid anhydrides, 
as being based on antiquated chemical ideas, and he objects 
especially to the customary way of “ combining ” constituents in 
analyses of mineral waters and other solutions. He advocates 
the statement of analyses in terms of the elements, or, in the case 
of solutions, in terms of the ions. It seems probable that, for the 
sake of simplicity of calculation and easy comparison with pre- 
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vious analyses, the mineral analysts will be slow to give up the 
convenient and tangible oxides and anhydrides, The present 
method of calculating a mineral water analysis shows what actual 
salts would make a similar water, while an analysis stated in the 
ion form would be of little use, without recalculation, to physi- 
cians or others who wished to know its character. H. L. W. 

3, Note on the telephonic measurement of electromotive force ; 
by C. Barus.—According to de la Rue, Ferraris, Pellat and 
others, currents as small as 10~° are still audible in the telephone. 
One is therefore warranted in replacing the galvanometer in a 
shunted circuit for the measurement of electromotive: force (zero 
method) by the telephone, seeing that the sensitiveness stated 
would suffice for measurements much exceeding the constancy of 
any galvanic cell. Devising a special key for the purpose, I made 
this test; but I did not find the extreme sensitiveness stated. 
Even in specially wound telephones of 6000 turns of wire, the 
best result I could obtain was an audibility of 10~* amperes, 
under the following remarkable conditions: For increments of 
current amounting to 3°1x107* on either side of zero the tele- 
phone did not respond at all. On both margins of this silent 
tield, however, the response came in a way to make further inere- 
ments of only 10-7 amperes quite distinguishable in loudness. 
Here therefore is a true discontinuity, for the extent of the inter- 
val of silence is at least 5 times the sensitiveness of the telephone 
on and beyond the margins of this interval. In the great variety 
of experiments made this result was the invariable feature, the 
silent interval being in some cases even 10 or 20 times the mar- 
ginal sensitiveness, 

I interpret this to mean that the diaphragm of a telephone 
when in a state of rest initially resists deformation with a kind 
of molecular quiescent friction; and that this inertness must 
first be overcome by the actuating field before the diaphragm 
—- nicely to fine gradations of stress. 

4. A Laboratory Manual of Physics and applied Electricity ; 
arranged and edited by Epwarp L. Nicuots. Vol. 1, 294 pp. 
Vol. II, 444 pp. (New York, Macmillan & Co., 1894.)—The recent 
development or Laboratory practice and the important place 
now assigned to experimental physics in the college curriculum 
causes us to welcome this present work. 

The manual is divided into two volumes, each of which con- 
stitutes a complete and separate work in itself covering its par- 
ticular field. 

Volume | is entitled a Junior Course in General Physics and 
is the work of E. Merritt and F. G. Rogers. The field of me- 
chanics, heat, light, electricity and magnetism is covered by well 
selected experiments arranged in groups according to the subject 
matter. This volume, intended as it is for first year students, 
admits of little originality as to material and the sole value of 
such a work depends upon the method of presentation and in 
this the work merits commendation ; it is free from dead wood, 
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is clear and definite. Text books in science are so often brought 
out by those who are not masters of the subject of which they 
treat, that it is particularly pleasing to turn over the pages of this 
volume, elementary as it is, and to note the scientific development 
of the subject which is manifest on every page. 

The second volume covers a new field, being intended for ad- 
vanced students with particular attention to the needs of stu- 
dents of electricity. “It is arranged in four parts, written by 
different members of the department of physics at Cornell Uni- 
versity. Part I, the work of G. 8. Moler, H. J. Hotchkiss and 
C. P. Matthews, is devoted to experiments with direct current 
apparatus and pertains to electrical engineering rather than to 
physics. It consists of a systematic course of instruction in 
dynamo practice and satisfies for the first time the demands of 
engineering colleges for this line of work. 

Part II. is written by Frederick Bedell and is devoted exclu- 
sively to experiments with alternating currents, a subject of 
interest to the physicist as well as the electrical engineer; the 
treatment is systematic and quite complete considering the new- 
ness of the subject. Many of these experiments are now pub- 
lished for the first time and eontain methods of alternating cur- 
rent measurement which have been developed to a large extent 
by Dr. Bedell. The formulation of experiments in a field devel- 
oped as rapidly as that of alternating currents, is peculiarly 
difficult and the work may be open to criticism which can be 
traced to this source. Part II. is scholarly in treatment and con- 
tains much that is new. 

Part III. consists of a carefully prepared course in photometry 
and heat, by C. P. Matthews. ‘The experiments in heat are not 
new, for this subject has been gone over and over by different 
writers, but the presentation is good. The experimental work in 
photometry is new in the sense that it is new to text books, and 
consists of methods which have been developed during recent 
years dating back to the exhibition in Philadelphia in 1884. 

Part IV. consists of outlines of advanced work arranged by 
Dr. Nichols and is based chiefly upon recent researches conducted 
at Cornell University ; the chapters on light sources and spectro- 
photometry are especially valuable inasmuch as the writer has 
devoted so much of his time to experimental research in this 
direction. In this part are described the most recent researches 
in the various lines of work taken up, with references to original 
memoirs, 

The work has been carried through the press by Dr. Bedell. 
The arrangement of the work is admirable; the mechanical 
execution all that could be desired. There is no old material ; 
the illustrations are new. 

The method of treatment throughout the two volumes is one well 
suited for the requirements of college and university instruction. 
In the junior course of the first volume, specific experiments are 
arranged for the student and the exact requirements for each are 
given. The early portion of the second volume consists of sep- 
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arate experiments for senior work, in which the general subject 
matter of the experiment is clearly given, but greater scope in 
performance is given to the student. In the last part, the student 
is dependent entirely upon his individual efforts. 

The work does credit to the department from which it em- 
anates; Dr. Nichols and his collaborators are to be congratulated 
upon the result of their labors. F. B. 


II. GroLtogy AND MINERALOGY. 


1. The Geological Society of America.—The sixth summer 
meeting of the geological society was held in Brooklyn, N. Y., 
Tuesday and Wednesday, August 14 and 15. The following 
papers were read : 


J. F. Kemp: The nickel mine at Lancaster Gap, Pa, and the pyrrhotite deposit 


at Anthony’s Nose, on the Hudson. 
ALFRED C. LANE: A connection between the chemical and optical properties 


of amphiboles. 
C. H. Smytu, Jr.: On a basic rock derived from granite. 
EpmunpD Otis Hovey: A study of the cherts of Missouri. 
ARTHUR HOLLICK: Dislocations in certain portions of the Atlantic coastal 
plain strata and their probable causes. 
J. W. Spencer: Reconstruction of the Antiliean continent. 
_N. S. SHater: Evidences as to the change of sea-level. 
W. J. McGee: The extension of uniformitarianism to deformation. 
D. F. Lincoty: Drumlins in the vicinity of Geneva, N. Y. 
GeorGE H. Barton: Channels on drumlins caused by erosion of glacial 
streams. 
JAMES PERRIN SmitH: The Trias and Jura of Shasta County, California. 
Henry S. WittiAMs: The age of the Manganese deposits of the Batesville 
region of Arkansas. 
Abstracts were read of the following papers in the absence of 
their authors, viz: 
HaroLp W. FatrBANKS: Review of our knowledge of the geology of the 
Californian coast ranges. 
Cuas. S, Prosser: The Permo-Carboniferous and Permian rocks of Kansas. 
The winter meeting of the society is to be held at Baltimore, 
Md., notice of which will be sent to the fellows by the Secretary. 
2. A New Miocene Tupir ; by O. C. Marsu.—An interest- 
ing ungulate mammal, probably an ancestor of the modern 
Tapirs, is indicated by a pair of lower jaws in good condition 
recently found in the Miohippus beds of South Dakota. This 
specimen shows the same form, and essentially the same dentition 
as in Zapirus, but the last premolar only is like the molars. 
There is a small secant canine close to the outer incisor, and 
behind it a long diastema. The extent of the premolar and molar 
series is four inches, and of the entire dentition six and one-half 
inches. From Colodon, an allied form, this specimen may be 
distinguished by the presence of a canine, and absence of a heel 
on the last lower molar. The known remains indicate an animal 
about half the size of the existing Tapirs. It may be called 
Tanyops undans. , 
Yale Museum, September 22, 1894, 
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3. Channels on Drumlins: Caused by erosion of glacial 
streams ; abstract of a paper read before the Geological Society, 
Aug. 15, 1894, by George H. Barron.—Owing to the very 
symmetrical form of the drumlin, with its smooth, flowing out- 
lines, it has been able by the very equal distribution of its water- 
shed to resist the attacks of ordinary atmospheric erosion more 
strongly than other forms of surface. Hence to-day it presents 
little evidence of post-glacial erosion and it is very difficult to 
estimate the amount it has undergone during this time. 

On the other hand, of the nearly eighteen hundred drumlins 
studied in Massachusetts under direction of Prof. N. 8. Shaler for 
the U. 8. Geol. Survey, some three hundred present very interest- 
ing features of erosion that took place after the hill had been 
fully formed, but before the complete disappearance of the conti- 
nental ice-sheet. 

These consist of channels varying from a few feet in width and 
depth to those having a depth of a hundred or more feet and a 
corresponding width. With extremely rare exceptions their beds 
invariably slope toward the south. Very exceptionally indeed 
the slope is toward the north and then only to a very slight 
degree. 

On the ordinary typical drumlin they are found cutting along 
either side at any elevation from base to summit, always parallel, 
or nearly so, with its axis, or very commonly directly upon the 
summit and coincident with the axis. A typical example of this 
is seen on Gleason’s Hill, just west of the mill, at Rockbottom, 
Mass., where a channel, about twenty-seven feet at its greatest 
depth, cuts directly along the axis beginning at the north end of 
the hill at two-thirds its height and sloping southward to the 
southern end. ‘The hill is a symmetrical drumlin with the excep- 
tion of this channel. 

In cases where the till is more complex in outline consisting of 
several drumloid forms massed together, side by side, so as to 
produce an east-west ridge as is quite common, channels of vari- 
ous sizes occur with their beds nearly always inclined to the 
south. Often they begin their course on the north side at one 
half or two-thirds of the altitude, pass directly through the east- 
west axis and down the south slope. 

In many instances eskers are found in direct linear connection 
with the channels in such manner as to imply a relation in origin. 
Near Worcester, Mass., there are three drumlins, each of which is 
cut by a channel, while in the lowlands between are eskers which 
together with the channels form a nearly continuous serpentine 
line. Here it seems evident that the stream that formed the esker 
must also have cut the channel. 

The streams that eroded the channels must have been super- or 
en-glacia!, to the northward of the hill, they could not have been 
sub-glacial. Against the north end of the hill at Rockbottom the 
ice-sheet lay massed, on or in which the stream having an ice-bed 
had its channel. To the south the ice had disappeared or had so 
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melted from the southern slope of the hill as to allow the stream 
to flow down this slope to the lowlands beyond. 

Previous to the beginning of my work Prof. Shaler had noted a 
similar channel on Forbes Hill in Milton, Mass., and to which he 
had ascribed a nearly similar origin. 

4, Trias and Jura of Shasta County, California ; abstract of 
a paper read before the Geological Society of America, Aug. 15, 
1894, by James Perrin Smiru.—The columnar section of the 
metamorphic series of the Klamath mountains is given in the 
paper; this is made up of strata from Devonian to Jurassic age. 

The presence of Middle Trias is shown by fossils. This is over- 
lain comformably by slates and limestones with a rich fauna of 
Upper Triassic age, directly comparable to that of the zone of 
Tropites subbullatus and Trachyceras aon of the Karnic in the 
Tyrolean Alps. This fauna is shown by its affinities to Himalayan 
and Tyrolean species to belong to a prolongation of the fauna of 
the Mediterranean and Indian Triassic provinces, and not to the 
Arctic-Pacific province. The occurrence of Jurassic fossils is 
mentioned, and new localities given. 

The widespread Jura-Cretaceous unconformity in the Coast 
Range, Klamath mountains, and Sierra Nevada, is considered a 
proot that these three ranges belong to one great mountain sys- 
= in which the disturbances were closely associated. 

The Carboniferous Strata of Shasta County, California ; 
dun of a paper read before the A. A. A. Sci., Aug. 1894, by 
James PERRIN Smitu.—The general structure of a portion of the 
Klamath mountains was briefly discussed, and the systems of 
faults and folds indicated. 

The oldest strata of the region are of Devonian age, overlain 
by the Baird shales which belong to the Lower Carboniferous. 
The latter have a fauna analogous to that of the Eureka district 
of Nevada, and thus have many Devonian species commingled 
with the Carboniferous. Faunally these are thought to be homo- 
taxial with the Waverly, but stratigraphically they belong higher 
in the section. 

Above the Baird shales lie about 2000 feet of limestone with a 
carboniferous fauna, probably equivalent to the Coal measures. 
Above this limestone lie calcareous shales with a fauna equivalent 
to that of the Robinson beds, Plumas County, and thus probably 
Permo-Carboniferous in age. 

6. Some anomalies in the growth of Alum Crystals.—Mr. 
H. A. Miers read a paper before the British Association on a 
new method of measuring crystals, containing the following 
interesting facts: 

The two fundamental laws of crystallography—namely, (1) the 
constancy of the angle in crystals of the same substance, and 
(2) the law of simple rational indices seem to be violated by 
those crystals which are liable to irregular variations in their 
angles, or those which have the simple faces replaced by compli- 
cated “ vicinal ” planes. Both these anomalies are exhibited ‘by 
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potash- and ammonia-alum. Brilliant and apparently perfect 
octahedra of these salts show large variations in the octahedron 
angle; other crystals show low vicinal planes in place of the octa- 
hedron faces, It it be true, as is supposed, that the octahedron angle 
varies in different crystals, it would be interesting to ascertain 
whether progressive variations can be traced during the growth 
of a single crystal, and whether some or all of the octahedron 
faces change their direction in space if the crystal is held fixed 
during growth. 

In order to solve this problem a new goniometer has been con- 
structed, in which the crystal is fixed at the lower end of a 
vertical axis, so that it can be immersed in a liquid during 
measurement. This device is in reality an inversion of the 
ordinary goniometer with horizontal disc; the liquid is contained 
in a rectangular glass trough with parallel-plate sides; one side 
is placed rigidly perpendicular to the fixed collimator, and the 
other is perpendicular to the telescope, which is set at 90° to the 
collimator. The trough is supported on a table which can be 
raised and lowered, so that the crystal can be placed at any 
required depth in the liquid. If the liquid used be its own con- 
centrated solution the crystal can be measured during growth, 
and the changes of angle, if any, can be observed at different 
stages. In order that it may be held rigidly, the crystal is 
mounted, when small, in a platinum clip, which it envelops as it 
grows larger. 

The results derived from the measurement of a large number 
of alum crystals are as follows :-— 

(1) The faces of the regular octahedron are never developed 
upon alum growing from aqueous solution. 

(2) The reflecting planes (which are often very perfect) are 
those of a very flat triangular pyramid (triakis octahedron) which 
overlies each octahedron face. 

(3) The three faces of this triangular pyramid may be very 
unequal in size. 

(4) The triakis octahedron which replaces one octahedron may 
be different from that which replaces another octahedron face 
upon the same crystal. 

(5) During the growth of the crystal the reflecting planes 
change their mutual inclinations ; the triakis octahedron becomes 
in general more acute, 7. e. deviates further from the octahedron 
which it replaces, as the crystal grows. 

(6) This change takes place not continuously, but per saltumn, 
each reflecting plane becoming replaced by another which is 
inclined at a small angle (generally about three minutes) to it. 

(7) During growth the faces are always those of triakis octa- 
hedra; if, owing to rise of temperature, re-solution begins to 
take place, faces of icositetrahedra are developed. 

These observations prove that the growth of an alum crystal 
expresses an ever-changing condition of equilibrium between the 
crystal and the mother liquor. It does not take place by the 
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deposition of parallel plane layers; new faces are constantly 
developed: since these succeed one another per saltum they 
doubtless obey the law of rational indices, though not that of 
simple rational indices. From the mutual inclinations of these 
vicinal faces it is possible to calculate with absolute accuracy 
the angle of the faces to which they symmetrically approximate. 
This angle is found to be that of the regular octahedron 70° 313’. 
The octahedron angle of alum is not, therefore, as appeared from 
the observations of Pfaff and Brauns, subject to any variation.— 
Nature, vol. 1, p. 411, August 23, 1894. 


III. Astronomy. 


1. Verzeichniss der Elemente der bisher berechneten Cometen- 
bahnen, ete., by Dr. J. G. Garis. 8°, pp. xviii, and 316. Leipzig, 
1894. This volume is a new edition by the veteran astronomer 
of the work published by him in 1847 and later in 1863. The 
earlier edition was a continuation and completion of the like Cat- 
alogue of Olbers in 1823. The first half of the present volume is 
a tabular catalogue of all computed elements of the cometic orbits 
up to the present year. The second half consists of historical, 
descriptive and bibliographical notes upon the several comets. 

2. Gesammelte Werke von He1nricu Hertz, Band IIT; Die 
Prinzipien der Mechanik in neuene Zusammenhange dargestellt. 
8°, pp. xxix, 312. Leipzig, 1894, (Barth.)—This volume of the 
collected works of the greatly lamented physicist contains in the 
preface by von Hemholtz a generous tribute to Hertz. The 
work consists of two books, Ist, the geometry and kinematics of 
material systems, and 2d, the mechanics of material systems. 
The first part was in completed form, but the second the author 
intended to rework but was prevented by his illness which 
proved fatal. He placed his manuscript in the hands of Ph, 
Lenard under whose care the present volume is published. 


IV. MIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1. The American. Association for the Advancement of Science. 
—The retiring President, William Harkness, delivered the address 
at the opening of the Brooklyn meeting in August, “On the 
Magnitude of the Solar System,” (this Journal, pp. 230-250). 
The subjects of the vice-presidential addresses were as follows : 
Section A, “Binary Stars,” by G. C. Comstock; section B, 
‘Obscure heat as an agent in producing expansion and contrac- 
tion of metals under air contact,” by William A. Rogers; section 
C, “The Battle with fire,” by Thomas H. Norton; section D, 
“ Paradoxes in the resistance of materials,” by Mansfield Merri- 
man; section E, “The Niobrara Chalk,” by Samuel Calvin; 
section G, “The Evolution of the Hepatice,” by Lucien M. 
Underwood ; section H, “ Human faculty as determined by Race,” 
by Franz Boas; section. I, “A stable Monetary Standard,” by 
Henry Farquhar. : 
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Changes in the constitution of the association were proposed 
which would add Social science to the scope of the section of 
Economic science and Statistics, and separate the section of Geol- 
ogy from Geography, creating a separate section for the latter. 
These will be acted upon next year. The Committee on Grants set 
apart from the fund for research $100 for a table in the Biological 
Laboratory, at Wood’s Holl, Mass., $100 to Professors Morley and 
Rogers for inferential comparisons, and $200 to Dr. Boas to con- 
tinue and complete anthropometric measurements of Indians. 
It is probable that the next meeting will be held in San Francisco. 

2. The British Association.—The sixty-fourth meeting of the 
British Association was held at Oxford, beginning August 8th. 
The inaugural address of the president, the Marquis of Salisbury, 
was an admirable presentation of the limitations of human knowl- 
edge in the field of the ultimate nature of matter, of motion and 
of life, as indicated by the terms atom, ether and life. The open- 
ing addresses before the several sections were by Prof. A. W. 
Richer, Mathematics and Physics, on “ Terrestrial Magnetism ”; 
Prof. H. B. Dixon, Chemistry, “ An Oxford School of Chemists ”; 
L. Fletcher, Geology, on Crystallography; Prof. L. B. Balfour, 
Biology, on “ Forests and Forestry”; Captain Wharton, Geog- 
raphy, “The Sea”; Prof. A. B. W. Kennedy, Mechanical Science, 
“The Critical side of Mechanical Training”; Sir W. H. Flower, 
Anthropology; Prof. E. A. Scheter, Physiology. The attendance 
reached the total of 2321 members, of which 77 were foreigners; 
and nearly 1100 pounds were awarded in aid of scientific research. 
The Biology section was divided, and in the future there will be 
separate sections of Zoology and of Botany. Section I is to 
include Physiology, Experimental Pathology and Experimental 
Psychology. The meeting next year will be held at Ipswich 
under the presidency of Sir Douglas Galton. 

3. The University of Oxford, England, on the occasion of the 
meeting of the British Association, conferred the degree of D.C.L. 
honoris causé upon Professor 8. P. Langley, secretary of the Smith- 
sonian Institution. The same degree was conferred on the follow- 
ing eminent scientific investigators : Prof. Edouard Van Beneden, 
Prof. Ludwig Koltzmann, Dr. E, Chauveau, Prof. Cornu, Prof. 
Theodor W. Engelmann, Prof. Wilhelm Forster, Prof. C. Friedel, 
Prof. L. Hermann, Prof. Gosta Mittag-Leffler, Prof. G. Quincke 
and Prof. E. Strasburger. 


OBITUARY. 


Jostan Parsons Cooke, for many years an associate editor 
of this Journal, was born in Boston, Oct. 12, 1827, and died in 
Newport, Sept. 3, 1894. When he was a student in Harvard 
College, the chemical department was so thoroughly disorganized 
that his teaching in this branch was confined to a few disjointed 
lectures, and to these he added after graduation some months of 
study with Regnault in Paris. With these meagre exceptions 
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his chemical knowledge was acquired by his unaided efforts, and 
these had been so successful even in his boyhood and youth that 
at 22 he was appointed Ewing Professor of Chemistry and Min- 
eralogy in Harvard University, a position which he held till his 
death. 

His first important chemical paper was on a theoretical sub- 
ject, as was to be expected from a self-taught man; it was an 
attempt at a classification of the elements, in which he approached 
the periodic system, since so brilliantly developed by Mendelejeff 
and by Lothar Meyer; but his most important pieces of work, 
published rather late in his life, the redeterminations of the 
atomic weight of antimony and of the ratio between oxygen and 
hydrogen, proved that he had given himself the fullest and best 
of chemical educations, as they required a profound knowledge 
of the most delicate and difficult manipulations supplemented by 
great ingenuity in devising new and more advanced methods. 
Perhaps, however, these should not be called his most important 
work, but that title should be given rather to his research on the 
iodides of antimony, in which he furnished an experimental 
explanation of the isomerism of these inorganic salts. 

As a teacher he has had a deep and lasting influence on the 
characters of a multitude of students by means of his elementary 
lectures given for over forty years to the whole of each class 
which has passed through Harvard College ; and his advanced 
students have drawn from him the best instruction and inspira- 
tion. The chemical department of Harvard College he has 
raised from the state of entire collapse, in which he found it, to 
one of the strongest and best equipped departments in the col- 
lege established in one whole building and part of another, both 
of which together with the rich mineral cabinet were presented 
to the college principally through his exertions. 

But his influence was not bounded by the college walls; his 
brilliant popular lectures have spread a taste for science and a 
knowledge of chemistry in the outside world, and his numerous 
books, ranging from abstruse college text-books to popular exposi- 
tions of his favorite subject and scientific essays, have reached 
even a wider audience. 

These labors have met with recognition by his election to 
numerous learned societies, and especially by the degree of 
doctor of laws, which he received from the University of Cam- 
bridge, England, and by his selection as president of the American 
Academy, a position which he held at the time of his death. 

The eminence of which I have tried to give an outline was 
due to his complete and loving devotion to his chosen science, 
his brilliant talents, his remarkable executive ability, and to his 
ceaseless and unwearied industry. He leaves a gap in Harvard 
University and the scientific world, which it will be hard to fill. 

©. T. J 

Baron Herman Lupwic FrEerpinanp von the 

eminent German Scientist, died on September 8th, at Berlin. 
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MINERALS. 


To College Professors and Teachers: You will 
find everything needed in the line of minerals in our 
most complete stock. Our entire attention being de- 
voted exclusively to minerals, we can unquestionably 
give you the best of satisfaction, While you are 
considering from whom to make your purchases and 
what to buy, kindly send to us for a copy of our 
New Price-Lists, which we will be pleased to mail to 
you free. Your order for the coming season’s supply 
of minerals will receive prompt and careful attention 
if entrusted to us, and we are sure you will not be disappointed in the results. 


Our Systematic Collections of Minerals are not approached in excel- 
lence and general scientific merit by those of any other house, while our 
prices are lower. 

Our stock of Individual Cabinet Specimens is probably the finest and 
most complete in species in the world. 

Our Low-Priced Specimens for Class-Room Study are marvels to 
professors who have been purchasing elsewhere. 

Our Minerals for Blowpipe Analysis are celebrated for their exceptional 
purity and low prices. 


FINE MINERAL SPECIMENS RECENTLY SECURED. 


Georgia Rutiles, a few large and most brilliant twins, $7.50 to $20.00. 

Rutilated Amethyst from Pennsylvania in loose crystals, marvelously 
deep-colored and occasionally doubly terminated, 10c. to $2.00. 

Chalcopyrite in fine loose crystals from French Creek, 10c. to $1.00. 

Cerussite from New Mexico in elegant groups of twins, 50c. to $5.00; 
large museum specimens, $10.00 to $25.00. 

Amorphous Pectolite from California, interesting, 25c. to $1.00. 

Zeolites from Nova Scotia. 250 excellent specimens at 10c. to $2.00, 
including exceedingly beautiful Chabazite groups, Stilbite in sheaf-like clus- 
ters, good groups of Heulandite, Analcite, etc. 

Sipylite from Virginia. Excellent little specimens of this exceedingly 
rare mineral, 25c. to $2.50. 

Garnets from Redding, Conn. Elegant groups of trapezohedrons in 
mica schist, $2.00 to $7.50. 

Caswellite, the new Franklin Mineral, a number of very good specimens 
50c. to $2.50. 

Azurite from Arizona. A new lot of excellent groups, 50c. to $2.00. 

A Great Find of Tilly Foster Minerals. The finest Clinochlore groups 
ever found in this country, 50c. to $5.00; loose crystals, 10c. to 25c.; Chon- 
drodite, in brilliant crystals, 50c. to $3.50; well crystallized Brucite, 25c. to 
$2.00. 

Magnificent Sulphurs ; Ruby Spinel twins, tetrahedrons, etc., lenticular 
Phenacites, Amazonstones, Onegites, huge pseudomorphs of Limonite after 
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